Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


HARVARD 

COLLEGE 
LIBRARY 


BY   THE  SAME  AUTHOR. 


Oririn  of  Species  by  Meane  of  Natural  Selection ;  or,  The  Preservation  of 
Faroied  Races  in  the  Stnigg le  for  Life.  Fiom  sixth  and  last  London  edition, 
s  vols.    ismo.    Cloth,  $4.00. 

Descent  of  Man,  and  Selection  in  Relation  to  Sex.  With  nany  Illiistnu 
tions.    A  new  coition,    ismo.    Cloth,  $a.oa 

A  Naturalist's  Voyare  around  the  World.  Jounml  of  Researdies  into  the 
Natural  History  and  Geology  of  Couatries  visited  durinf  the  Voyafe  of  H.  M. 
S.  ''Beasle."  Illustrated  with  Maps  and  zoo  Views  of  the  pieces  visited  and 
described,  chiefly  from  sketches  taken  on  the  spot,  by  R.  T.  Pkjtchxtt.  Svo. 
Cloth,  $5.oa 

Also  popular  edition,    xsma    Cloth,  $a.oa 

The  Structure  and  Distribution  of  Coral  Reefs.  Based  on  Observations 
made  during  the  Voyage  of  the  "  Heagle."  With  Charu  and  Illustrations, 
zamo.    Ootb,  $a.oo. 

Oeolo^cal  Obeervatlons  on  the  Volcanic  Ishinds  and  Parts  of  South  America 
visited  during  the  Voyage  of  the  "Deagie."  With  Maps  and  lUustratioua. 
semo.    Cloth,  $a.so. 

Bmotional  Bxpressioni  of  Man  and  the  Lower  Animals,    ismo,    Qotfa^ 

The  Variations  of  Animala  and  Plants  under  Domestication.  With  a 
Prefitce  by  Professor  Asa  Gray.    9  vols.    Illustrated.    Cloth,  $s.oa 

Insectivorous  Planta.    ismo.    Qoth,  $a.oo. 

Movemente  and  Habits  of  Climbing  Planta.  With  lUustratioua.  xama 
Ck>th,  ^i.as. 

The  Varloue  Contrlvancee  by  which  Orchids  are  Fertilised  by  Inaects. 
Revised  edition,  with  Illustrations,    same.    Cloth,  $1.75. 

The  Effects  of  Croea  and  Self  Fertilisation  in  the  Vegetable  Kingdom, 
lamo.    Cloth,  $9.oow 

Different  Forms  of  Plowere  on  Plants  of  the  same  Species.  With  HIus- 
tratioos.    lama    Qoth,  $1.50. 

The  Power  of  Movement  In  Planta.  By  Charlbs  Dakwin,  LL.D.,  F.  R.  S., 
aiiisied  by  Fkakcis  Dakwin.    With  lUustratioos.    xamo.    Cloth,  $2.00. 

The  Formation  of  Vegetable  Mould  through  the  Action  of  Worms, 
with  Observations  on  their  Habits.    V^tfa  lUusunations.    zamo.    Clotli,  $1.90. 


New  Yoilc :   D.  APPLETON  &  CO.,  PuBUSUERS. 


THE  VAEIAHON 


ANIMALS  AND  PLANTS 


mniBR 


DOMESTICATION 


Br  CHARLES  DABWIN,  M.A.,  F.R.a,  &a 


SECOND  EDITION,  UEVIBED.    FOURTH  THOUSAND. 


IN  TWO  VOLUMES.— VOL.  IL 


WITH    ILLUSTRATIONS.     .':"  '  '    ' /: 


■  / 


NEW  YOKK: 
D.  APPLETON  AND  COMPANY, 

1,  Z,  AHD  S  BOND   STREET. 

1892. 


Ml. 


>    i     ': 


^  (-it- lax  S~/r,/y/ 


• —  r 


I  I 


/     r  •, 


■f  ;,  .,      -     r- 


HARVARD  urfl/r.  .^  .  i 
LIbRARY 

JAN  251979 


CONTENTS. 


CHAPTEB  Xin. 

INH£B1TAS0Ey  eotUtnued — BEYBBSION  OB  ATAVISM. 

DIPFBBBKT  F0BM8  OF  BEYBBSION — IN  PUBB  OB  t7NCB068KD  BBEBDS,  AB 
IN  PIGBONB,  FOWLS,  H0BNLB88  OATTLB  AND  8HBBF,  IN  CULTHrATBD 
PLANTS — BEYBBSION  IN  FBBAL  ANIMALS  AND  PLANTS— BEYBBSION 
IN  0B06SBD  YABDETIBS  AND  BPEOIES — ^BEYBBSION  THBOUQH  BUD- 
PROPAGATION,  AND  BY  BE0MENT8  IN  TBE  SAME  FLOWSB  OB  FBUIT 
— IN  DZFFBBENT  PABTs'  OF  THE  BODY  IN  THE  SAME  ANIMAL— 
THE  ACT  OF  CBOSSINO  A  DIBEOT  OAUSE  OF  BEYBBSION^  YABIOITS 
CASES  OF,  WITH  INSTINCTS— OTHEB  PBOXIMATE  CAUSES  OF  BE- 
YBBSION—LATENT  CUABACTEBS— SEOONDABT  SEXUAL  CHABACTEBS 
— UNEQUAL  DEYELOPMENT  OF  THE  TWO  BIDES  OF  THE  BODT — 
APPEABANCE  WITH  ADYANCING  AGE  OF  CHABACTEBS  DEBIYED 
FBOM  A  CB06S— THE  GEBM,  WITH  ALL  ITS  LATENT  CHABACTEBS, 
A  WONDEBFUL  OBJECT— MONSTB06ITIE8 — PELOBIO  FLOWEBS  DUE  IN 
SOME  CASES  TO  BEYBBSION PftgeS  1-36 


CHAPTEB  XIV. 

IMnEniTANCE,  OOn^iniied  —  FIXEDNESS  OF  OHARACTEB — 
PREPOTENCT — SEXUAL  LIMITATION — OOBBESPONDENOB 
OP  AGE. 

VXZKDNESS  OF  CHABACTEB  APPABENTLY  NOT  DUE  TO  ANTIQUITY  OP 
nniEBITANCE — PBKPOTENCY  OF  TBANSMI86ION  IN  INDIYIDUALS  OF 
THE  SAME  FAMILY,  IN  CB06SED  BBEED6  AND  SPECIES;  OFTEN 
VTBONGEB  IN  ONE  SEX  THAN  THE  OTHEB ;  SOMETIMES  DUE  TO  THE 
SAME  CHABACTEB  BEINa  PBESENT  AND  YI8IBLE  IN  ONE  BBEBD 
AND  LATENT  IN  THE  OTHEB— INHEBPrANCE  AB  LIMITED  BY  SEX-^ 


• 


IV  OONTEHTS. 

XKWLT-AOQUmED  CHABAOTERS  IN  OUB  DOUESTICATED  AKIUAL8 
OFTBH  TBANBMITTBD  BT  ONB  8BX  ALONE,  SOMETIMES  LOST  DT  ONE 
BEX  ALONE — INUSRITANCB  AT  CORBESFONOINO  PEBIODS  OF  LIFE — 
THE  IMPOBTANGB  OF  THE  PBINCIPLB  WITH  BESPECT  TO  EMURT- 
OLOOY;  AS  EXHIBITED  IN  DOMBSTIOATED  ANIMALS;  AS  EXHIBITED 
IN  THE  APFEABANOB  AND  DISAPFBABANOB  OP  INHEBITED  DIS- 
EASES; SOMETIMES  SUPEBTENINO  BABLDEB  IN  THE  CHILD  THAN 
IN  THE    PABENT— 6UMMABT  OF  THE  THBEB   PBEOEDINO  GHAPTEB8. 

Tivges  d7-Cl 


CHAirrER  XV- 

OH  GROSSING. 

FBXB  INTEBOROSSINO  OBLITEBATES  THE  DIFFEBENGES  BETWEEN  ALUBD 
BBEED6— WHEN  THE  NUM3EBS  OF  TWO  OOMMINGUNQ  BREEDS  ABB 
XTNEQUAL,  ONB  ABS0BB8  THE  OTHEB--TUB  BATE  OF  ADSOBPTION 
DETEBMINED  DT  PBBPOTBNOT  OF  TBAN8HI88I0N,  DT  THB  CON- 
DPnONS  OF  LIFE,  AND  BT  NATUBAL  SELECTION — ALL  OBQANIO 
BEINGS  OCCASIONALLY  INTEBCB08S;  APPABENT  EXCEPTIONS— ON 
OEBTAIN  ORABAOT^^BS  INCAPADLB  OF  FUSION;  CHIBFLT  OB  EX- 
CLXTSiyBLT  THOSE  WHICH  HAYB  SUDDENLT  APPEABED  IN  THB  IN- 
DIYIDUAL— ON  THB  MODIFICATION  OF  OLD  BACBS,  AND  TUB 
FORMATION  OF  NEW  RACES,  BT  CBOSSINQt-SOME  CBOSSBD  BACES 
HAYB  BRED  TBUE  FBOM  THEIR  FIBST  FBODQOTION— ON  THB  CBOSS- 
INO  OF  DISTINCT  8PBGIBS  IN  BBLATION  TO  THB  FOBMATION  OF 
D0MB8TI0  BAOES C2-77 


'   / 


t 


CHAPTEB  XVL 

CAUSES  WHICH  INTEBFERE  WITH  THE  FREE  CROSSINQ  6v 
VARIETIES — ^INFLUENCE  OF  DOMESTICATION  ON  FER- 
TILITY. 

DIFFICULTIES  IN  JUDGING  OF  THE  FEBTILITT  OF  YABIBTIES  WHEN 
CBOSSBD— YABIOUS  CAUSES  WHICH  KEEP  YABIETIXS  DISTINCT,  AS 
THE  PSBIOD  OF  DBBBDINu  AND  SEXUAL  PREFEBENCE— YABIBTIES 
OF  WHEAT  SAID  TO  BE  STEEILE  WHEN  OBOeSED^-YABIETIBS  OF 
MAIZE,   YERBARCUM,   HOLLYHOCK,   GOURDS,   MELONS,   AND    TOBACCO 


'V 


CONTENTS.  V 

XSKDEBKD  IN  80MJ5  DEGREE  KXTTDALLT  STERILE  —  D011E8TICATI0V 
BLIMIKATE8  THE  TENDEKCT  TO  8TERILITT  KATURAL  TO  8PEGIE8 
WHEN  CnOflSED— ON  THE  IKOREABED  FERTILITY  OV  VKCROSSED 
AN1MAL8  AND  FLANT8  FROM  DOMESTIOATION  AND  CULtlTATION. 

Pages  78-91 


OHAPTEB  XVn. 

ON  THE  GOOD  EFFECTS   OF   CUOSSINO,  AND  ON  THE  EVIL 
EFFEOTS  OF  OLOSE   INTEBBBEGDING. 

DEFINITION  OF  CLOPR  '  INTERBREEDING — AUGMENTATION  OF  MORBID 
TENDENCIES— xIENERAL  EVIDENCE  OF  THE  GOOD  EFFECTS  DERIVED 
FROM  OR06Un:O^  AND  ON  THE  EVIL  EFFECTS  OF  CLOSE  INTERBREED- 
ING—<!ATTLE,  CLOSELY  INTERBRED;  HALF-WILD  CATTLE  LONG 
KEPT  IN  THE  SAME  PARKS — SHEEP  ~  FAIXOW-DEER — DOGS,  RABBITS, 
PIGS— MAN,  ORIGIN  OF  HIS  ABHORRENCE  OF  INCESTUOUS  MARRIAGES 
—FOWLS  —  PIGEONS  —  HIVE-DEES  —  PLANTS,  GENERAL  CONSIDERA- 
TIONS ON  THE  BENEFITS  DERIVED  FROM  GROSSING— MELONS,  FRUIT- 
TREES,  PEAS,  CABBAGES,  WHEAT,  AND  FOREST- TREES— ON  THE 
INCREASED  SIZE  OF  HYBRID  PLANTS,  NOT*  EXCLUSIVELY  DUE  TO 
TllStil  STERILITY — ON  CERTAIN  PliANTS  W^HICU  EITHER  NORMALLY 
OR  ABNORMALLY  ARE  SELF-IMPOTENT,  BUT  ARE  FERTILE  BOTH 
ON  THE  MALE  AND  FEMALE  SIDE,  WHEN  CROSSED  WITH  DISTINCT 
INDIVIDUALS  EITHER  OF  .THE  SAME  OR  ANOTHER  SPECIES— CON- 
.      CLUSION..        .. 92-120 


CHAPTEE  XVIIL 

ON  THE  ADVANTAGES  AND  DLSADVANTAGES  OF   CHANGED 
CONDITIONS  OF  LIFE :   6TEB1LITT  FROM  VAltlOUS  CAUSES. 

OK  THE  GOOD  DERIVED  FROM  SLIGHT  CHANGES  IN  THE  CONDITIONS  OF 
LIFE— STERILITY  FROM  CHANGED  CONDITIONS,  IN  ANIMALS,  IN 
THEIR  NATIVE  COUNTRY  AND  IN  MENAGERIES— MAMMALS,  BIRDS, 
AND  INSECTS — LOSS  OF  SECONDARY  SEXUAL  CHARACTERS  AND  OF 
INSTINCTS— CAUSES  OF  Sn*ERILITY— STERILITY  OF  DOMESTICATED 
ANIMALS  FROM  CHANGED  OONDITIONS— SEXUAL  INCOMPATIBILITY 
OF    INDIVIDUAL   ANIMALS  -  STERILITY    OF    PLA.NT8    FROM  CHANGED 


?1  OONTKHT& 

COmmOVB  of  LIFB— OOSTABBSOKNOI  of  THB  AnTHEBB — ^MOK- 
BTB06ITIB8  Aft  ▲  0AU8B  OF  BTKBILITT — ^DOUBLB  FL0WBB8— SEED* 
LE88  FBUIT— STBBILITT  FBOK  THE  XXCB88IVS  DETELOPMEIIT  OF 
THE  OBOAHB  OF  VEGBTATIOK — ^FBOM  LOHG-OONTIinjED  FBOPAOA- 
nOH  BT  VUBS — ^INOIFIEKT  8TEBILITT  THE  PRDCABT  CAUSE  OF 
DOUBLE  FLOWEBB  AND  gg»nT.»a«  FBUTF         ..       ..      Pages  127-156 


CHAPTEB  XIX. 

8UVHABT  OF  THE  FOUR  LAST  OHAPTEBS,  VHTH  BEMABKB 

OK  HTBRIDISIL 

OSC  THE  BFFEOTB  OF  CBOSSIKCi — THE  DIFLUSKCE  OF  DOM E8TI0ATI0K 
ON  FEBTILITT — CLOSE  IHTEBBBBBDIKG — GOOD  AND  EVIL  BBSULT8 
FBOM  CBAVQED  00KDITION8  OF  LIFE — YAEIETIES  WHEN  CROSSED 
NOT  INYABIABLT  FBBTILE— ON  THE  DIFFBBENCE  IN  FEBTILITT  BE- 
TWEEN CB068BD  SPECIES  AND  YABIETIES—OONCLUSIONB  WITH  BE- 
SPBCT  TO  BTBBIDiSM — ^tlOHT  THBOWN  ON  HTBBIDISM  BT  THE 
ILLBQITDCATB  FBOQENT  OF  HETEBOSTTLED  PLANTS — STEBILITT 
OF  CB06SED  SPEaES  DUE  TO  DIFFEBENOBS  CONFINED  TO  THE 
BEPBODUCnVB  SYSTEM — NOT  ACCUMULATED  THBOUGH  StaTUBAL 
SELECTION — ^BEASONS  WHT  DOMESTIC  YABIETIES  ABE  NOT  MUTUALLY 
STEBILR— TOO  MUCH  8TBESS  HAS  BEEN  LAID  ON  THE  DIFFEBENCB 
IN  FEBTILITT  BETWEEN  CB06SED  SPECIES  AND  CBOSSED  YABIETIES 
•—CONCLUSION       157-175 


CHAPTEB  XX, 

SELEOTIOK  BT  MAK. 

SKTiBCnON  A  DIFFICULT  ABT — METHODICAL,  UNCONSCIOUS,  AND  NATUBAL 
SELECTION — ^BESULTB  OF  METHODICAL  SELECTION— OABE  TAKEN  IN 
SELECTION— SELECTION  WITH  PLANTS— SELECTION  CABBIED  ON  BT 
THE  ANCIENTS  AND  BY  SEMI«CIYILISED  PEOPLE  —  UNIMPOBTANT 
CHABACTEBS  OFTEN  ATTENDED  TO — ^UNCONSCIOUS  SELECTION — ^AS 
OIBCUMSTANCES  SLOWLY  CHANGE,  SO  HAVE  CUB  DOMESTICATED 
ANIMALS  CHANGED  THBOUGH  THE  ACnON  OF  UNCONSCIOUS  SELBO- 
TIOV — ^INFLUENCE    OF    DIFFEBENT    BBEEDEB8    ON   THE    SAME    SUB- 


•  • 


CONTEMT0.  VII 

TABIXTr— PLANTS  A8  AFFECTED  BT  VVCOVBOIOVB  BELECmOV— 
EFFECTS  OF  SELECTION  AS  SHOWN  BT  THE  OBBAT  AMOUNT  OF 
DIFFERSNOB  IN  THE  PABTS  MOST  VALUED  BT  MAN  •.   PsgCB  176-Ji08 


OHAPTEB  XXL 
8ELBOTIOK9  continued. 


EATUBAL  SELBCmON  AS  AFFECTING  DOMESTIO  PBODUCTIONB — OHABAO- 
TEB8  WHICH  APPEAB  OF  TRIFLINQ  VALUE  OFTEN  OF  SEAL  DC- 
PORTANOB— CIBCUM8TANCES  FAVOURABLE  TO  SELECTION  BT  MAN— 
FACILITT  IN  PREVENTINO  CROSSES,  AND  TUB  NATURE  OF  THE 
CONDITIONS— <JLOSB  ATTENTION  AND  PEB8EVBRANCE  INDI8PEK6ABLB 
— THE  PRODUCTION  OF  A  LAR<iE  NUMBER  OF  INDIVIDUALS  ESPB; 
dALLt  FAVOURABLE — 'V^EN  NO  SELECTION  IS  APPLIED,  DISTINCT 
RACES  ARB  NOT  FORMED—HIOHLT-BRED  ANIMALS  LIABLE  TO  DB- 
QENERATION — TENDENCY  IN  MAN  TO  CARET  THE  SELECTION  OF 
EACH  CHARACTER  TO  AN  EXTREME  POINT,  LEADING  TO  DIVERGENCE 
OF  CHARACTER,  RARELY  TO  CONVERGENCE  —  CHARACTERS  CON- 
TINUING TO  VARY  IN  THE  SAME  DIBECTION  IN  WHICH  THEY  HAVE 
ALREADY  VARIED— DIVERGENCE  OF  CHARACTER  WPTH  THE  EX- 
TINCTION OF  INTERMEDIATE  VARIETIES,  LEADS  TO  DISTINCTNESS  IN 
OUR  DOMBflrnC  RACES— UMIT  TO  THE  POWER  OF  SELECTION— LAF8B 
OF  TIME  IMPORTANT— MANNER  IN  WHICH  DOMESTIC  RACES  HAVB 
ORIGINATED— SUMMARY 209-236 


CHAPTEB  XXIL 

0AU6ES  OF  YARIABILrrr. 

PiRIABILITT  DOES  NOT  NECESSARILY  ACCOMPANY  REPRODUCTION — 
CAUSES  ASSIGNED  BT  VARIOUS  AUTHORS — INDIVIDUAL  DIFFERENCES 
— ^VARIABILITY  OF  EVERY  SIND  DUB  TO  CHANGED  OONDmONS  OF 
LIFE— ON  THE  NATURE  OF  SUCH  CHANGES — CLIMATE,  FOOD,'  EX- 
CESS OF  NUTRIMENT — SLIGHT  CHANGES  SUFFICIENT — EFFECTS  OF 
GRAFTING  ON  THE  VARIABILITY  OF  SEEDLING-TREES— DOMESTIO  PRO- 
DUCTIONS BBOOMB  HABITUATED  TO  CHANGED  CONDITIONS— ON  THE 
ACCUMULATIVE  ACTION  OF  CHANGED  CONDITIONS— CI/WE  INTER- 
BREEDING AND    THB    IMAGINATION  OF    THE    MOTHER    SUPPOSED  TO 


nu  ooKTKinra. 

€4im  ▼JLBIABXLITT'— CCOKDRI  AS  A  CADSI  OP  THE  AnSABAVQI 
OP   SSW   ClIAmACTSBS—TABIABILITr   FBOM   THB  OOMmXOUXQ   OP 

oiABAGTns  Ain>  rmom  vKrwaMicss^ia  tbe  maxhbb  axd  hbhid 
OP  Aoncnr  op  Tm  oaubb  whicb  vmum  DiEacTi.T,  ok  ]■• 
vaatcTLt  HBOnon  thb  ixnoDocnrB  BTsmi,  ihihicb  tamea- 
muTt      Fign  237-258 


CHAFTEB 


,0A  1 1 


UXBOT  AXD  DKnUlTE  ACTION  OF  THK  EXTBBHAL  COIf* 

DITIOK8  OF  UFB. 


CBABOm    OOKSRIOMB^    HI    niB»    OOI/MIB,    4BIKIIW:<Ht 

AXD  nr  TBE  CTAn  OP  im  mson— iacal 

mCDODS  ■QUnCATIORB  TMM  GBAXQSD  CLIMATE  OE  POOD^  ETC. 
— TLinCAQB  OP  UEDE  APnCTSD  ET  PBCOXJAE  mmMMEKT^  AED 
BT  TUB  XXOaJLATKIE  OP  KnOE— ULHIKBnBLUB— WONFICATIDES  OP 
OEOAXIO  BBQIQl  Ol  A  STATE  OP  XATTIEE  TSBOOQE  THE  BBFIXITB 
ACnOE  OP  BXTEEHAIi  dOiKlOnORS — OOMPABnOE  OP  AXBEICAE 
AEH   BOEOPBAE   TBEES—OAUJi— BTFEUTS   OP    PABASRIO    PUSBI — 


nJOBXCB   OP   CaAEOBE   BXTBBXAL  OOKDRIOm— PABALLBL 

OP    TABOeilB— AMOVKT    OP    TABIATIOV    1K»BS    HOT 

Vim   THB  DEQESB   OP   GHAMQB  Off   THB  CkfinUTKOS— BUIKTABIA* 

««»— MSSTHOSRIBS    ?E0IM3CBD    ET    UEXATQEAL    TEBATHBXT— > 

80HHABT 2GO-S82 


CHAPTER  XXIV. 

1JLW8  OF  TABlATIOir— I3SE  AKD  DISCSS,  STa 


OE  T3B  CO^HtEOATtm  POWIE  OP  THB  OES 
OP   THB  IXCEBASBE  l»B   AXE 


AEIHAM   AXE   ffUUnO— TAEKOS   HSIHODS    ET   VHKH    THS   CAE 

OP  E«naOPME3»T     EgPOnCKTAET  OEEAKB. 


OONTENTS.  U 


CHAPTEB  XXV. 

LAWS  OF  TABiATiONy  Continued — cobbblated  varia- 
bility. 

■XTLAVATIDir  OF  TSBM  OOBBSLATIOX — OONVSOmD  WITH  DITXLOF- 
lUCNT  —  MODIFICATIONS  OOBRBLATBD  WITH  THH  INCBXA8BD  OB 
DBGBKA8BD  BVBM  OF  PABT8— OOBRBLATKD  YABIATION  OF  BOMO- 
LOOOUB  FABT8 — FBATHSBXD  FBET  IN  IIIBD8  A880MINO  THK  8TBU0- 
TUBB  OF  THX  WINOS^COBBELATION  BETWBBN  THK  HBAD  AND 
THX  BXTBEMITIBS — BBTWSEN  THB  SKIN  AND  DKRMAL  AFPBNDA0E8 
— ^BETWEEN  THE  0B0AN8  OF  SIGHT  AND  HEABOrO — OOBEEZiATBD 
MODIFICATIONS  IN  THB  0B0AN8  OF  PLANTS— COBBBLATED  MON- 
8TE08ITIE8— OOBBELATION  BETWEEN  THE  SKULL  AND  BAB8— HKULL 
AND  CBE8T  OF  FBATBEBS— SKULL  AND  H0BN8— COBBEIiATinN  OF 
OBOWTH  COMPLICATED  BT  THE  ACCUMULATED  EFFECTS  OF  NATUBAL 
SELECnON— C0L0X7B  AS   OOBBELATED  WITH   CONSTITUTIONAL   PECU- 

UABITIBS         Pag08  3n--332 


(3HAPTEE  XXVI. 

LAWS  OF  YABIATION,  OOn^fHMtl— SUMMABT. 

TUB  FUSION  OF  HOMOLOGOUS  PABTS— THB  TABIABILITT  OF  MULTIPLE 
AND  HOMOLOGOUS  PABTS— COMPENSATION  OF  GBOWTH — MECHAXTIOAL 
PBE8SUBB— BELATiyE  POSITION  OF  FLOWEBS  WITH  BBSPBCT  TO 
THB  AXIS,  AND  OF  SEEDS  IN  THB  OYABT,  AS  INDUCING  TABIA* 
TION — ^ANALOGOUS  OB  PABALLEL  YABnariES — SUMMABT  OF  THE 
THBEB  LAST  CHAPTBRS       838-348 


OHAPTEB  XXVH 

FBOTUaiONAL  HYPOTHESIS  OF  PANGENESia 

PBKLIMINABT  BEMABKS — FUST  PABT:— THE  FACTS  TO  BE  CONNECTED 
UNDEB  A  SINGLE  POINT  OF  VIEW,  NAMBLT,  THE  TAKIOUS  KINDS 
OF  BEFBODUCTION— BE-GROWTH  OF  AMPUTATED  PABTS— GBAFT- 
KTBBID8 — THE    DIBBCT    ACTION    OF    THB    MALE    ET^EMBNT  ON    THB 


Viii  CONTENTS. 

OAUBC  YABIABILITT— CC088INO  A8  ▲  GAUBV  OF  THB  AFFBAVANOB 
OF  KBW  GIIABAGTERS—VARXABILITT  FBOX  THE  COMMXKaUXG  OF 
0HABACTBB8  AND  FBOX  BEVISBSIOH— OV  THB  XANKBB  AND  PBBIOD 
OF  AOTION  OF  THB  OA17BB8  WHTCH  EITH^B  DIBBCTLT,  OB  IV- 
DIBBCTLT   THBOnOn    THB    BBFBODnOTITB    8Y8TEM,   IlfDUCB   YABIA* 

BiUTT      Pagoi  237-250 


CHAPTER  XXm. 

DIBBOT  AND  DEFINITE  ACTION  OF  THE  EXTERNAL  CON* 

DITI0N8  OF  LIFE. 

tUGHT  X0DIFI0ATI0K8  DT  PLAim  FBOM  THB  DEFINITB  AOTION  OF 
CHANGED  CONDinONB,  IN  SIZE,  OOLOUB,  CHBXIOAL  PBOPBRTIESf 
.  AND  IN  THB  STATE  OF  THB  TI88UB8 — ^LOCAL  DI8BA8B8 — CON* 
SnOnOUB  XODIFIGATIONB  FBOX  changed  CUMATE  OB  FOOD,  BTO. 
«— FLUXAGB  OF  DIBD6  AFFECTED  BT  PECULIAB  NUTBIMBNT,  AND 
DT  THE  INOCULATION  OF  FOI80N—LAND-SIIBLL8— MODIFICATIONS  OF 
OBGANIC  BEINGS  IN  A  STATE  OF  NATUBB  THBOUGU  THB  DEFINITB 
ACTION  OF  EXTEBNAL  PONDITIONS  —  C0MPABI80N  OF  AVEBICAN 
AND  BUBOFBAN  TBEE8— GALIiS — EFFECTS  OF  PABA8ITI0  FUNGI — 
C0N81DBBATI0NS  OFP08ED  TO  THE  BELIEF  IN  THE  POTENT  IN- 
FLUENCE OF  CHANGED  EXTEBNAL  CONDITIONS— PABALLBL  8EBIE8 
OF  TARIBTIBS — ^AMOUNT  OF  YABIATION  DOES  NOT  COBBESPOND 
WITB  THE  DBGBEB  OF  CHANGE  IN  THE  dONDITIONS — ^BUD-YABIA* 
TION— UONBTBOSITIES  PBODUCED  BY  UNNATUBAL  TBBATMEKT— • 
SUMXABT 260-282 


CHAPTER  XXIV. 

LAWS  OF  YABIATION — ^USE  AND  DISUSE,  ETC. 

nsUS  FORMATIYUS,  OB  THE  CO-OBDINATING  POWEB  OF  THE  0BGANI8A- 
*nON— ON  THB  EFFECTS  OF  THE  INCBBA8ED  USE  AND  DISUSE  OF 
OBGAN8 — CHANGED  BABITB  OF  LIFE  —  ACCLIMATISATION  WITH 
ANIMALS  AND  PLANTS — YABIOUS  METHODS  BT  WHICH  THIS  CAN 
BB  EFFECTED— ABBB8TS  OF  DEYBLOPMENT— BUDIMBNTABT  OBGAKB. 

283-810 


OOMTENTS.  U 


OHAPTEB  XXV. 

LAWS  OF  VABIATION,  COfUtttUed — COBRSLATED  VARIA- 
BILITY. 

■XPLAVATSOH  OW  TBBM  OOBBSLATION— CWNVBOnO  WITH  DBTSLOF- 
lUCNT  —  MODIFICATIONS  OOBRELATED  WITH  THI  IKGBSA8BO  OB 
DBCBBASBD  8I2B  OF  FABT8~00BB£LATED  YABIATION  OF  BOMO- 
IiOGOUB  PABTS— FBATHEBED  FEET  IN  BIBD8  A88UHINO  THE  STBUO- 
TUBB  OF  THE  WIN08— COBBELATIOK  BETWEEN  THE  HEAD  AlVD 
THE  SXTBEMITIE8 — BETWEEN  THE  SKIN  AND  DEBMAL  APFENDAGES 
— ^BETWEEN  THE  0BOAN8  OF  8IQHT  AND  HEABINO — COBBELATED 
XODIFI0ATION8  IN  THE  0B0AN8  OF  PLANTS— COBBELATED  XON<- 
6TB06ITIE8 — CX>BBELATION  BETWEEN  THE  SKULL  AND  BAB8— HKULL 
AND  0BE8T  OF  FEATHEB8 — SKULL  AND  BOBNS — COBBEIjATION  OF 
OBOWTH  OOMPLIOATED  BT  THE  AOOUKULATED  EFFBOTS  OF  NATUBAL 
SELECTION— OOLOUB  AS   OOBBELATED  WITH   CONSTITUTIONAL   PECU- 

LIABITIBS         Pag08  31l-da2 


OHAPTEB  XXVL 
LAWS  OF  YABIATION,  eonUnued--BVUM,AUY. 

THE  FUSION  OF  HOltOLOGOUS  PABTS— THE  TABIABUJTT  OF  MULTIPLE 
AND  HOMOLOGOUS  PABTS — COMPENSATION  OF  OBOWTH — MECHANICAL 
PBE8SUBE— BELATIVE  POSITION  OF  FLOWEBS  WITH  BESPEOT  TO 
THE  AXIS,  AND  OF  SEEDS  IN  THE  OYABT,  AS  INDUdNQ  YABIA-' 
TION — ^ANALOGOUS  OB  PABALLEL  YABnaTIES — SUMMABT  OF  THE 
TBBEE  LAST  CHAPTERS       338-348 


OHAPTEB  XXVn. 

FBOTUaiOKAL  HTPOTHESIS  OF  PAKGENE6I8. 

PBELIMINABT  BEMABKS — FIB8T  PABT:— THE  FACTS  TO  BE  CONNECTED 
UNDEB  A  SINGLE  POINT  OF  YIEW,  NAMELY,  THE  YABIOUS  KINDS 
OF  BEPBODUCTION— BE-GBOWTH  OF  AMPUTATED  PABTS— GBAFT- 
HTBBIDS — THE    DIBECTT    ACTION    OF    THE   MALE    ELEMENT  ON    THE 


X  OOHTEKTS. 

FEMALB — DIVJBLOPMENT — THE  TUHGTIOirAL  INDXnSRDBlVCB  OF  THX 
UMITB  or  TBS  BODY— YABIABILITT— INHXBITAKCB— BBTEBSIOV. 
SBOOMD    FABV: — 8TATBMVNT    OF    THl   HTF0THE8IB — HOW   FAB    THB 
KBOnSABT  A880MFTIONB   ARX   IMPBODABLE— EXPLANATION  BT  AID 
OF    THX  HTFOTHESIS    OF   TBB   BEYXRAL  0LA8SE8   OF    FACTB  8PBCZ- 

FIKD  IN  TBX  FIB8T  FAST — O0NCLU8ION  Pages  349-399 


OHAPTEB  XXVnL 

GONOLUDIKG  BEMARES. 

DOXESnOATlON— NATUBX  AND  CAUBEB  OF  YABIABILITT — BELBGTION — 
DXYEBGBNOB  AND  DI8TIN0rNE88  OF  OHABAOTEB — ^EZTINOTION  OF 
BA0E8— OIBOUMBTANCm    FAYOURABLE    TO    BELEOTION    BT    MAN — 

« 

ANTIQUXTT    OF    CERTAIN    RA0S8 — THE    QUESTION    WHETHER    BAOU 
PARTICULAR  YARIATION  HAS  BEEN  8FECIALLT  PREORDAINED. 

400-428 


INDEX  420 


—  —J* 


THE 


VARIATION  OF  ANIMALS  AND  PLANTS 


UNDER  DOMESTICATION. 


CHAPTER  XIII. 

INIIERITANCB  CtmHnued—ILZVEViaiO^  OR  ATAVISM. 

DIFFBRENT  VORH8  OF  KKVEanOTX^-tK  TJJKK  OB  UKG1I088ED  BBIBD8,  A8  IV 
PIGEONS,  FOWLS*  HOBNLE88  CATTLB  AND  SOBEP,  IN  CULTIYATEO  PLANTS 
— BETERSION  IN  FEBAL  ANIMALS  AND  PLANTS— BtTERSIOX  IN  CROSSED 
YABIETIES  AND  SPECIES — ^BEVERSION  TUBOUGH  BUD-PROPAGATION,  AND 
BY  SBQUBNT3  IN  THE  SAKE  FLOWER  OB  PBIHT— IN  DIFFEBENT  PABTS 
OF  TUB  BODY  IN  THE  SAME  ANIMAE^-^HB  ACT  OF  0B0S8ING  A  DIBEOT 
CAUSE  OF  BKTERSION,  YABIOUS  OASES  OF,  WITH  INSTINCTS  —  OTHER 
PBOXIMATB  CAUSES  OF  BETERSION  —  LATENT  CHARACTERS  —  SECONDARY 
SEXUAL  CHARACTERS— UNEQUAL  DEVELOPMENT  OF  THE  TWO  SIDES  OF 
THE  BODY — APPEARANCE  WITH  ADTANCING  AGE  OF  CHABACTERS  DERIVED 
FQOM  A  CROSS— THE  GERM,  VTITH  ALL  ITS  LATENT  CHARAOTER.%  A 
WONDERFUL  OBJECT— MONSTBOSITIEB — PELORIO  FLOWERS  DUB  IN  SOME 
OASES  TO  REVERSION. 

Thk  great  principle  of  inheritance  to  be  disonssed  in  this 
chapter  has  been  recognised  by  agrioultunsts  and  authors  of 
varions  nations,  as  shown  by  the  scientifio  term  Atavism^  de- 
rived from  atavus,  an  ancestor;  by  the  English  terms  of 
Beversian^  or  Throwing-hach ;  by  Iho  French  Pai-en^Arriire ; 
and  by  the  German  B&ckscJilagt  or  BiklachriiL  When  the 
child  resembles  either  grandparent  more  closely  than  its 
immediate  parents,  our  attention  is  not.  much  arrested,  though 
in  truth  the  fact  is  highly  remarkable ;  but  when  the  child 
resembles  some  remote  ancestor  or  some  distant  member  in  a 
collateral  line, — and  in  the  last  case  we  must  attribute  this  to 
the  descent  of  all  the  members  from  a  common  progenitor, — 
wo  feel  a  just  degree  of  astonishment.  "When  one  parent 
alone  displays  some  newly-acquired  and  generally  inheritable 
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character,  and  the  ofispring  do  not  inherit  it,  the  canae  may 
lie  in  the  other  parent  having  tlie  power  of  prepotent  trans- 
mission.  But  when  both  parents  arc  similarly  characterised, 
and  the  child  does  not,  whatever  the  cause  may  bo,  inherit 
the  character  in  questioif,  but  resembles  its  grandparents,  wo 
have  one  of  the  simplest  cases  of  reversion.  We  continually 
see  another  and  even  more  simple  case  of  atavism,  though 
not  generally  included  under  this  head,  namely,  when  the  son 
more  closely  resembles  his  maternal  than  his  paternal  grand- 
sire  in  some  male  attribute,  as  in  any  peculiarity  in  tlio  board 
of  man,  the  horns  of  the  bull,  tlio  hackles  or  comb  of  the  cock, 
or,  as  in  certain  diseases  necessarily  confined  to  the  male  sex ; 
for  as  the  mother  cannot  possess  or  exhibit  such  male  attri- 
butes, the  child  must  inherit  them,  through  her  blood,  from 
his  maternal  grandsire. 

The  oases  of  reversion  may  be  divided  into  two  main  classes 
which,  however,  in  some  instances,  blend  into  one  another ; 
namely,  first,  those  occurring  in  a  variety  or  race  which  has 
not  been  crossed,  but  has  lost  by  variation  some  character 
that  it  formerly  possessed,  and  which  afterwards  reappears. 
The  second  class  includes  all  cases  in  which  an  individual 
with  some  distinguishable  character,  a  race,  or  species,  has  at 
some  former  period  been  crossed,  and  a  character  derived  from 
this  cross,  after  having  disappeared  during  one  or  several 
generations,  suddenly  reappears.  A  third  class,  differing  only 
in  the  manner  of  reproduction,  might  be  formed  to  include 
all  cases  of  reversion  effected  by  means  of  buds,  and  therefore 
independent  of  true  or  seminal  generation.  Perhaps  oven  a 
fourth  class  might  be  instituted,  to  include  reversions  by  seg- 
ments in  the  same  individual  flower  or  fruit,  and  in  different 
parts  of  the  body  in  the  same  individual  animal  as  it  grows 
old.  But  the  two  first  main  classes  will  be  sufficient  for  our 
purpose. 

Beverrion  to  loU  Charaeter$  by  pure  or  unero»8ed  /ormi, — 
Striking  instances  of  this  first  class  of  cases  were  given  in 
the  sixth  chapter,  namely,  of  the  occasional,  reappearance,  in 
variously-coloured  breeds  of  the  pigeon,  of  blue  birds  with  all 
the  marks  characteristic  of  the  wild  Columha  livia.    Similar 
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cases  were  given  In  the  case  of  the  fowL  With  the  common 
ass,  as  the  legs  of  the  wild  progenitor  are  almost  always 
striped,  we  may  feel  assured  that  the  occasional  appearance 
of  such  stripes  in  the  domestic  animal  is  a  case  of  simplo 
reversion.  But  I  shall  be  compelled  to  refer  again  to  these 
oases,  and  therefore  here  pass  them  over. 

The  aboriginal  species  from  which  our  domesticated  cattle 
and  shoop  are  descended,  no  doubt  possessed  horns;  but 
several  honiless  breeds  are  now  well  established.  Yet  in 
these — ^for  instance,  in  Southdown  sheep — *'  it  is  not  unusual 
to  find  among  the  male  lambs  some  with  small  horns."  The 
horns,  which  thus  occasionally  reappear  in  other  polled  breeds, 
either  '^grow  to  the  full  size,*'  or  are  curiously  attached  to  the 
skin  alone  and  hang  *' loosely  down,  or  drop  ofT."^  The 
Galloways  and  SuiSblk  catde  have  been  hornless  for  the  last 
100  or  150  years,  but  a  homed  calf,  with  the  horn  often 
loosely  attached,  is  occasionally  produced.' 

There  is  reason  to  believe  that  sheep  in  their  early  domesti- 
cated condition  were  "brown  or  dingy  black;"  but  even  in 
the  time  of  David  certain  flocks  were  spoken  of  as  white  as 
snow.  During  the  classical  period  the  sheep  of  Spain  are 
described  by  several  ancient  authors  as  being  black,  red,  or 
tawny .^  At  the  present  day,  notwithstanding  the  great  care 
which  IS  taken  to  prevent  it,  particoloured  lambs  and  some 
entirely  black  are  occasionally,  or  even  frequently,  dropped 
by  our  most  highly  improved  and  valued  breeds,  such  as  the 
Southdowns.  Since  the  time  of  the  famous  Bakewell,  during 
the  last  century,  the  Leioester  sheep  have  been  bred  with  the 
most  scrupulous  care ;  yet  occasionally  grey-faced,  or  black- 
spotted,  or  wholly  black  lambs  appear.^  'Jliis  occurs  still 
more  frequently  with  the  less  improved  breeds,  such  as  the 
'  Norfolks.*  As  bearing  on  this  tendency  in  sheep  to  revert 
to  dark  colours,  I  may  state  (though  in  doing  so  I  trench  on 

>  Touatt   on  Sheep,  pp.  20,  234.  145. 

The  samo  fact  of   loose  horns   oo-  *  I  hare  been  informed  of  thb  fact 

easionalljT  appearing  in  hornless  breeds  through  the  U«r.  W.  D.  Fox,  on  the 

has    been    observ^    in    Germany;  excellent  authority  of  >Ir.  Wilmot: 

Bechstein,    *Katurge5ch.     Deutsehr  SM^^also,  remarks  on  this  subject  in 

L.nds.'  b.  i.  s.  362.  an  article  in  the  *  Quarterly  Beriew,' 

s  Yonatt  on  Cattle,  pp.  155,  174.  1849,  p.  895. 

*  Touatt  on  Sheep,  1838,  pp.  17,  *  Youatt,  pp.  19,  234. 
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tlie  reversion  of  oroesed  breecb,  and  likewiso  on  the  subject  of 
prepotency)  that  the  Bev.  W.  D.  Fox  was  informed  that  seven 
white  Southdown  ewes  were  put  to  a  so-called  Spanish  ram, 
which  had  two  small  black  spots  on  his  sidcM,  and  they  pro- 
duced thirteen  lambs,  all  perfectly  black.  Mr.  Fox  believes 
that  this  ram  belonged  to  a  breed  which  he  has  himself  kept, 
and  which  is  always  spotted  with  black  and  white ;  and  he 
finds  that  Leicester  sheep  crossed  by  rams  of  this  breed  always 
produce  black  lambs :  he  has  gone  on  recrossing  these  crossed 
sheep  with  pure  white  Leicesters  during  three  Kuooossive 
generations,  but  always  with  the  same  result.  Mr.  Fox  was 
also  told  by  the  friend  from  whom  the  spotted  breed  was 
procured,  that  he  likewise  had  gone  on  for  six  or  seven  gene- 
rations crossing  with  white  sheep,  but  still  black  lambs  were 
invariably  produced. 

Similar  facts  could  be  given  with  respect  to  tailless  breeeds 
of  various  animals.  For  instance,  Mr.  Hewitt  *  states  that 
chickens  bred  from  some  rumpless  fowls,  which  were  reckoned 
so  good  that  they  won  a  prize  at  an  exhibition,  **  in  a  consider- 
able number  of  instances  were  furnished  with  fully  developed 
tail-feathers."  On  inquiry,  the  original  breeder  of  these  fowls 
stated  that,  from  the  time  when  he  had  first  kept  them,  they 
had  often  produced  fowls  furnished  with  tails ;  but  that  these 
latter  would  again  reproduce  rumpless  chickens. 

Analogous  cases  of  reversion  occur  in  the  vegetable  king- 
dom ;  thus  "  from  seeds  gathered  from  the  finest  cultivated 
varieties  of  Heartsease  {Viola  tricolor)^  plants  perfectly  wild 
both  in  their  foliage  and  their  flowers  are  frequently  pro- 
duced ;"  ^  but  the  reversion  in  this  iuHtance  is  not  to  a  very 
ancient  period,  for  the  beet  existing  varieties  of  the  heartsease 
are  of  comparatively  modem  origin.  With  most  of  our  cul- 
tivated vegetables  there  is  some  tendency  to  reversion  to 
what  is  known  to  be,  or  may  be  presumed  to  be,  their  abori- 
ginal state ;  and  this  would  be  more  evident  if  gardeners  did 
not  gonei-ally  look  over  tlicir  beds  of  seedlings,  and  pull  up 

*  '  The    Poultry    Book/    bj    Mr.  much  experience  on  this  subject,  hns 

Teiptmeier,  1S66,  p.  231.  lilcewise  assured  me  that  this  some* 

'  Loudon's  *  Qanl.   Mag.,'  rol.   x.,  times  occurs. 
1S34,  p.  306:   a  nurseryman,   with 
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the  false  plants  or  *' rogues"  as  they  are  called.  It  has 
already  been  remarked,  that  some  few  seedling  apples  and 
pears  generally  resemble,  but  apparently  are  not  identical 
'\7ith,  the  wild  trees  from  which  they  are  descended.  In  our 
turnip  ^  and  carrot-beds  a  few  plants  often  **  break  " — that  is, 
flower  too  soon  ;  and  their  roots  are  generally  hard  and 
stringy,  as  in  the  parent-species.  By  the  aid  of  a  little 
selection,  carried  on  during  a  few  generations,  most  of  our 
cultivated  plants  could  probably  be  brought  back,  without 
any  great  change  in  their  boDditions  of  life,  to  a  wild  or 
nearly  wild  condition :  Mr.  Buckman  has  effected  this  with 
the  parsnip  ;  *  and  Mr.  Hewett  0.  Watson,  as  he  informs  mo, 
selected,  during  three  generations,  '*the  most  diverging 
plants  of  Scotch  kail,  perhaps  one  of  the  leaht  modified 
varieties  of  the  cabbage ;  and  in  the  third  generation  some 
of  the  plants  came  very  close  to  the  forms  now  chtablished  in 
England  about  old  castle-walls,  and  called  indigenous.*' 

Reversion  in  Animals  and  Flanta  which  have  run  toild.^ln 
the  cases  hitherto  considered,  the  reverting  animals  and 
plants  have  not  been  exposed  to  any  great  or  abrupt  change 
in  their  conditions  of  life  which  could  have  induced  this 
tendency ;  but  it  is  veiy  different  with  animals  and  plants 
which  have  become  feral  or  run  wild.  It  has  been  repeatedly 
asserted  in  the  most  positive  manner  by  various  authors,  that 
feral  animals  and  plants  invariably  return  to  their  primitive 
specifio  type.  It  is  curious  on  what  little  evidence  this  belief 
rests.  Many  of  our  domesticated  animals  could  not  subsist 
in  a  wild  state ;  thus,  the  more  highly  improved  breeds  of 
the  pigeon  will  not  **  field "  or  scaroli  for  their  own  food. 
Sheep  have  never  booomo  feral,  and  would  bo  destroyed  by 
almost  every  boast  of  pi*oy.^^  In  several  cases  we  do  not 
know  the  aboriginal  parent-species,  and  cannot  possibly  tell 

*  'Gardener's    Chron.,'    ISo"),    p.       found  that  they  ar^  not  able  to  es- 
777.  tablish  themseiret;    they    generally 

*  Ibid.,  1862,  p,  721.  perish  from  the  frosen  snow  clinging 
**  Mr.    Boner    speaks   ('Chamois-       to  their  wool,  and  they  have  lost  the 

hunting,'  2nd  edit.,  1880,  p.  92)  of  skill  necessary  to  pass  over  steep  icy 

sheep   often    running    wild    in    the  slopes.      On  one  occasion  two  ewes 

Bavarian    Alps ;  -  but,    on    making  survived  the  winter,  but  their  Inmbi 

fbrther  inquiries  at  my  request,  he  perished. 
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'  whetlier  or  not  there  has  been  any  cloee  degree  of  leveraion. 
It  is  not  known  in  any  inntanee  what  variety  was  first  tnmed 
ont ;  Eoveral  Tarieties  have  probably  in  some  cases  mn  wild, 
and  their  crossing  alone  would  tend  to  obliterate  their  proper 
character.  Our  domesticated  animals  and  plants,  when  they 
run  wild,  must  always  be  exposed  to  new  conditions  of  life, 
for,  as  Mr.  Wallace  "  has  well  remarked,  they  have  to  obtain 
their  own  food,  and  are  exposed  to  competition  with  the  native 
productions.  Under  these  circumstances,  if  our  domesticated 
animals  did  not  undergo  change  of  Eomo  kind,  the  rctsult 
would  bo  quito  opposed  to  the  conclusions  arrived  at  in  this 
work.  Nevertheless,  I  do  not  doubt  that  the  simple  fact 
of  animals  and  plants  becoming  feral,  does  cause  some 
tendency  to  rever:iion  to  the  primitive  state;  though  this 
tendency  has  been  much  exaggerated  by  some  authors. 

I  will  briefly  run  throngh  the  recorded  cases.  With  neither 
horses  nor  cattle  is  the  primitive  stock  known;  and  it  has  been 
shown  in  former  chapters  that  they  have  assumed  different  colours 
in  different  countries.  Thus  the  horses  which  liave  run  wild  in 
South  America  are  generally  brownish-liay,  and  in  the  East  dun- 
colourel;  their  heads  have  become  larger  and  coarser,  and  this 
may  bo  due  to  reversion.  No  careful  description  has  been  given  of 
the  feral  goat.  Dogs  which  have  mn  wild  in  various  countries 
have  hardly  anywhere  assumed  a  uniform  character;  but  they  are 
probably  descended  from  several  domestic  races,  and  aboriginally 
from  several  distinct  species.  Feral  cats,  both  in  Europe  and 
La  Plata,  are  regularly  striped ;  in  some  cases  th^  have  grown  to 
an  unusually  large  size,  but  do  not  differ  from  the  domestic  animal 
in  any  other  character.  When  variously-coloured  tame  rabbits 
are  turned  out  in  Europe,  they  generally  reacauire  the  colouring  of 
the  wild  animal ;  there  can  be  no  doubt  that  this  does  really  occur, 
but  we  should  remember  that  oddly-HX>1oured  and  conspicuous 
animals  would  suffer  much  from  beasts  of  prey  and  from  being 
easily  shot;  this  at  least  was  the  opinion  of  a  gentleman  who  tried 
to  stock  his  woods  with  a  nearly  white  variety ;  if  thus  destroyed, 
they  would  l)e  supplanted  by,  instead  of  being  transformed  into, 
the  common  rabbit.  We  have  seen  that  the  feral  rabbits  of  Jamaica, 
and  especially  of  Porto  Santo,  have  assumed  now  colours  and  other 
now  characters.  The  liest  known  cose  of  reversion,  and  that  on 
which  the  widely  spread  belief  in  its  universality  apparently  rests, 
is  that  of  pigs.  These  animals  have  mn  wild  in  the  West  Indies, 
South  America,  and  the  Falkland  Islands,  and  have  everywhere 

"  Sn  loroa  excelUnt  remarks  on  Proc.  Linn.  Soc.,'  1858,  vol.  iil.  p.  80. 
ihi<  tntject  bj  Mr.  Wallace,  'Journal 
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acqnircd  the  dark  colour,  the  thick  bristles,  ond  great  ttisks  of  tho 
wild  boar;  and  the  yonng  hare  reacquired  longitudinal  stripes. 
But  oven  in  the  case  of  the  pig,  lloulin  describes  the  half-wild 
animals  in  different  parts  of  South  America  as  differing  in  seyeral 
respects.  In  Louisiana  the  pig''  has  ran  xrild,  and  is  said  to  differ 
a  little  in  form,  and  much  in  colour,  from  Iho  domestic  animal,  yet' 
does  not  closely  resemble  the  wild  boar  of  Europe.  With  pigeons 
and  fowls,"  it  is  not  known  what  variety  was  first  turned  out,  nor 
what  character  the  feral  birds  have  assumed.  The  guinea-fowl  in 
tho  West  Indies,  when  feral,  seems  to  rary  more  than  in  tho 
domesticated  state. 

\yith  respect  to  plants  run  wild.  Dr.  Hooker"  hns  strongly 
insisted  on  what  slight  eyidence  tho  common  belief  in  theii 
reversion  to  a  primitive  stato  rests.  Godron"  describes  wild 
turnips,  carrots,  and  celery;  but  these  plants  in  their  cultivated 
state  liardly  differ  from  their  wild  prototypes,  except  in  the  succn- 
Icncy  and  enlargement  of  certain  ^rts, — characters  which  would 
cortauily  be  lost  by  plants  growing  in  poor  soil  and  struggling  with 
other  plants.  No  cultivated  plant  has  run  wild  on  bo  enormous 
a  scale  as  the  cardoon  (^C^nara  eardunetUut)  in  La  Plata.  Every 
botanist  who  has  seen  it  growing  there,  in  vast  beds,  as  high  as 
a  horse's  back,  has  been  struck  with  its  pjBculiar  appearance ;  but 
whether  it  differs  in  any  important  point  from  the  cultivated 
Spanish  form,  which  is  said  not  to  be  prickly  like  its  American 
descendant,  or  whether  it  differs  from  the  wild  Mediterranean 
species,  which  is  said  not  to  bo  social  (though  this  may  be  due 
merely  to  tho  nature  of  the  conditions),  I  do  not  know. 

Bevernon  to  Characteri  derived  from  a  (7roM,  in  the  ease  of 
Sub-varietieey  Baeee^  and  Species. — When  an  individual  having 
some  recognisable  peculiarity  unites  with  another  of  tho  same 
sub-variety,  not  having  tho  peculiarity  in  question,  it  often 
reappears  in  the  doscendants  after  an  intervid  of  several  gene- 
rations. Every  one  mu>t  have  noticed,  or  heard  from  old 
people  of  children  closely  resembling  in  appearance  or  mental 
disposition,  or  in  so  small  and  complex  a  oharact^  as  expres-. 

appear  to  me  worth  copyintr;  but  I  now 
find  that  Dureaade  la  Malle^^*  Comp- 
tes  Rendus,'  torn,  xli.,  1855,  p.  6du) 
advances  this  •«  a  good  instance  of 
reversion  to  the  primitire  stock,  and  as 
confirmatory  of  n  still  more  vnguo 
statement  in  classical  times  by  Vorro. 

>«  'Flora  of  Apstralia,'  1859,  In- 
troduct.,  p.  ii. 

>^  <De  TEsptee,'  tom.  ii.  pp.  M, 
58,  60. 


"  Durean  de  la  Malle,  in  '  Comptes 
Rendus,'  tom.  xli.,  1835,  p.  807. 
From  the  statements  aboro  given,  the 
author  roncludes  that  the  wild  pigs 
of  Louisiana  are  not  descended  from 
the  European  Sua  acrofa. 

"  Capt.  W.  Allen,  in  his  <  Expe- 
dit'on  to  the  Niger,*  states  that  fowls 
have  run  wild  on  the  island  of  Anno- 
bon,  ond  have  become  modified  in 
form  and  voico.  The  account  is  so 
meagre  and  vagne  that  it  did  not 
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don,  one  of  their  grandparents,  or  some  more  distant  collateral 
relation.  Very  many  anomalies  of  structure  and  diseases,^* 
of  which  instances  have  heen  g^iven  in  the  last  chapter,  have 
'come  into  a  family  from  one  parent,  and  have  reappeared 
.  in  the  progeny  after  parsing  over  two  or  three  generations. 
The  following  case  has  been  communicated  to  me  on  good 
authority,  and  may,  I  believe,  be  fully  trusted :  a  pointer-bitch 
produced  seven  puppies;  four  were  marked  with  blue  and 
white,  which  is  so  unusual  a  colour  with  pointers  that  she  was 
thought  to  have  played  false  with  one  of  the  greyhounds,  and 
the  whole  litter  was  condemned ;  but  the  gamckcopor  was  per- 
mitted to  save  one  as  a  curiosity.  Two  years  afterwards  a 
friend  of  the  owner  saw  the  young  dog,  and  declared  that  he 
was  the  image  of  his  old  pointer-bitch  Sappho,  the  only  blue 
and  white  pointer  of  pure  descent  which  he  had  over  seen. 
This  led  to  close  inquiry,  and  it  was  proved  that  he  was  the 
great-groat-grandson  of  Sappho ;  so  that,  according  to  the 
common  expression,  ho  had  only  1-1 6th  of  her  blood  in  his 
veins.  I  may  give  one  other  instance,  on  the  authority  of 
Mr.  R.  Walker,  a  large  cattle-breeder  in  Kincardinesiiii-e. 
He  bought  a  black  bull,  the  son  of  a  black  cow  with  white 
legs,  white  belly  and  part  of  the  tail  white;  and  in  1870 
a  calf  the  gr.-gr.-gr.-gr.«gp^ndchild  of  this  cow  was  bom 
coloured  in  the  same  very  peculiar  manner ;  all  the  inter- 
mediate offspring  having  been  black.  In  these  cases  thei*e 
can  hardly  be  a  duubt  that  a  character  derived  from  a  cross 
with  an  individual  of  the  same  variety  reappeared  after 
passing  over  three  generations  in  the  one  case,  and  fivo  in  the 
other. 

When  two  distinct  races  are  crossed,  it  is  notorious  that  the 
tendency  in  the  offspring  to  revert  to  one  or  both  parent- 
forms  is  strong,  and  endures  for  many  generations.  I  have 
myself  seen  the  clearest  evidence  of  this  in  crossed  pigeons 
and  with  various  plants.  Mr.  Sidney  ^^  states  that,  in  a  litter 
of  Essex  pigs,  two  young  ones  appesi^  which  were  the  image 
of  the  Berkshire  boar  that  had  been  used  twenty-eight  years 

>*  Mr.  S«dgwlck   gtr«i  miiny  In-      Juljr,  1S63,  pp.  44S,  188. 
■taot'M  in  th«  <  British  and  Foreign  "  In  hl»  adit  of  <  Youatt  on  tha 

Mad  -Chlrurg.    KaTiew,'    April    and      Pig,'  1860,  p.  27. 
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before  in  giving  size  and  oonstitation  to  the  breed.  I  ob- 
served in  the  farmyard  at  Betley  Hall  some  fowls  showing  a 
strong  likeness  to  the  Malay  breed,  and  was  told  by  Mr. 
Toilet  that  he  had  forty  years  before  crossed  his  birds  with 
Malays;  and  that,  though  he  had  at  first  attempted  to  get 
rid  of  this  strain,  he  had  subsequently  given  up  the  attempt 
in  despair,  as  the  Malay  character  would  reappear. 

This  strong  tendency  in  crossed  breeds  to  revert  has  given 
rise  to  endless  discussions  in  how  many  generations  after  a 
single  cross,  either  with  a  distinct  breed  or  merely  with  an 
inferior  animal,  the  breed  may  be  considered  as  pure,  and  free 
from  all  danger  of  reversion,  ^'o  one  supposes  that  less  than 
three  generations  suffices,  and  most  breeders  think  that  six, 
seven,  or  eight  are  necessary,  and  some  go  to  still  greater 
lengths.^*  But  neither  in  the  case  of  a  breed  which  has  been 
contaminated  by  a  single  cross,  nor  when,  in  the  attempt  to 
form  an  intermediate  brood,  half-bred  animals  have  been 
matched  together  during  many  generations,  can  any  rule  be 
laid  down  how  soon  the  tendency  to  reversion  will  be  oblitera- 
ted. It  depends  on  the  difference  in  the  strength  or  pre- 
potency of  transmission  in  the  two  parent-forms,,  on 'their 
actual  amount  of  diflbronce,  and  on  the  nature  of  the  con- 
ditions of  life  to  which  the  crossed  oflspring  are  exposed.  But 
wo  must  be  careful  not  to  confound  these  cases  of  reversion  to 
characters  which  were  gained  by  a  cross,  with  those  under  the 
first  class,  in  which  characters .  originally  common  to  both 
parents,  but  lost  at  some  former  period,  reappear ;  for  such 
characters  may  recur  after  an  almost  indefinite  number  of 
generations. 

The  law  of  reversion  is  as  powerful  with  hybrids,  when 
they  are  sufficiently  fertile  to  breed  together,  or  when  they 
are  repeatedly  crossed  with  either  pure  parent- form,  as  in  the 
case  of  mongrels.  It  is  not.  necessary  to  give  instances. 
With  plants  almost  every  one  who  has  worked  on  this  sub- 
ject, from  the  time  of  Kolreuter  to  the  present  day,  has 
insisted  on  this  tendency.  Gartner  has  recorded  some  good 
instances;  but  no  one  has  given  mora  striking  ones  than 

>'  Dr.  P.  Lucas,  <  H^nSd.  Nat.,'  *  Oard.  Chrontde,'  1850,  )w  620.  ] 
torn.  ii.  pp.  314,  892 :  tee  a  good  could  add  a  rast  number  of  rcAraneeii 
practical  artida  on  tha  subj«ct  in      but  thej  would  ba  auperfluoaa. 
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Naudin.^*  The  tendency  differs  in  degree  or  strength  in 
different  groups,  and  partly  depends,  as  we  shall  presently 
see,  on  whether  the  parent-plants  have  been  long  cultivated. 
Although  the  tendency  to  reversion  is  extremely  general 
with  nearly  all  mongrels  and  hybrids,  it  cannot  be  considered 
as  invariably  characteristic  of  tiiem ;  it  may  also  be  mastered 
by  long-continued  selection;  but  these  subjects  will  moro 
properly  be  discussed  in  a  future  chapter  on  Crossing.  From 
what  we  see  of  the  power  and  scope  of  reversion,  both  in  pure 
races,  and  when  varieties  or  species  are  crossed,  we  may  infer 
tliat  characters  of  almost  every  kind  are  capable  of  reappear- 
ing after  having  been  lost  for  a  great  length  of  time.  But  it 
does  not  follow  from  this  that  in  each  particular  case  certain 
characters  will  reappear;  for  instance,  this  will  not  occur 
when  a  race  is  crossed  with  another  endowed  with  prepotency 
of  transmission.  Sometimes  the  power  of  reversion  wholly 
fails,  without  our  being  able  to  assign  any  cause  for  tho 
failure :  thus  it  has  been  stated  that  in  a  French  family  in 
which  85  out  of  above  600  members,  during  six  generations, 
had  been  subject  to  night-blindness,  "  thera  has  not  been  a 
single  example  of  this  affection  in  the  children  of  parents  who 
were  themselves  free  from  it."'® 

BeverBian  ihrough  Bud-^opagation — Partial  Beceraion^  hy  aeg- 
ment8  in  tike  same  flower  orfi-uil,  or  in  different  parts  of  the  body 
in  the  eame  individtMl  animal, — In  the  eleventh  chapter  many 
cases  of  reversion  by  buds,  independently  of  seminal  genera- 
tion, were  given — as  when  a  leaf-bud  on  a  variegated,  a 
curled,  or  laciniated  variety  suddenly  reassumes  its  proper 
character ;  or  as  when  a  Provence-rose  appears  on  a  moss-rose, 
or  a  peach  on  a  nectarine-ti*ee.  In  some  of  these  cases  only 
half  the  flower  or  fruit,  of  a  smaller  segment,  or  mere  stripes, 
roassume  their  former  character ;  and  here  we  have  reversion 


>*  KSIrentor  girts  curious  cases  in 
bb  <  DritU  FortseUung,'  1706,  ss.  53, 
5D;  and  in  liis  well-known  <  Memoirs 
on  Larstcra  and  Jalapa.'  Gllrtner, 
*  Bastarderseugung,'  ss.  437,  441,  &c 
Naudin,  in  his  "  Recherches  sur 
J'Hybridlte,**  *  Nonrelles  Archives  du 
Uus^um,'  torn.  i.  p.  25. 

*•  Quoted    by    Mr.    Sedgwick    In 


<  Med.-Chinirg.  Review,'  April,  1861, 
p.  485.  Dr.  U.  Dobell,  in  <Med.. 
Chirurgr  Transactions,'  a'oI.  xiri., 
gives  an  analogous  case,  in  which,  in 
a  large  family,  fingers  with  thickened 
joints  were  transmitted  to  serural 
members  dnring  five  generations; 
but  when  the  blemish  once  diMppsar^d 
it  never  reappeared. 
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bj  segments.  Vilmoiiu^^  has  also  reoorded  seyeral  oases  with 
plants  derived  from,  seed,  of  flowers  reyerting  by  stripes  or 
blotches  to  their  primitive  colours :  he  states  that  in  all  snoh 
oases  a  white  or  pale-coloured  variety  must  first  be  formed, 
and,  when  this  is  propagated  for  a  length  of  time  by  seed, 
striped  seedlings  occasionally  make  their  appearance;  and 
these  can  afterwards  by  care  be  multiplied  by  seed. 

The  stripes  and  segments  just  referred  to  are  not  due,  as  far 
as  is  known,  to  reversion  to  characters  derived  from  a  cross, 
but  to  characters  lost  by  variation.  These  cases,  however,  as 
Naudin^  insists  in  his  discussion  on  disjunction  of  character, 
are  closely  analogous  with  those  given  in  the  eleventh  chapter,  . 
in  which  crossed  plants  have  been  known  to  produce  half- 
and-half  or  striped  flowers  and  fruit,  or  distinct  kinds  of 
flowers  on  the  same  root  resembling  the  two  parent-forms. 
Many  piebald  animals  probably  come  under  this  same  head. 
Such  cases,  as  we  shall  see  in  the  chapter  on  Crossing;  appa- 
rently result  from  certain  characters  not  readily  blending 
togetiier,  and,  as  a  consequence  of  this  incapacity  for  fusion, 
the  offspring  either  perfectly  resemble  one  of  their  two 
parents,  or  resemble  one  parent  in  one  part,  and  the  other 
parent  in  another  part ;  or  whilst  young  are  intermediate  in 
character,  but  with  advancing  age  revert  wholly  or  by  seg- 
ments to  either  parent-form,  or  to  both.  Thus,  young  trees^ 
of  the  Oylisui  a4ami  are  intermediate  in  foliage  and  flowers 
between  the  two  parent-forms;  but  when  older  the  buds 
continually  revert  either  partially  or  wholly  to  both  forms. 
The  cases  given  in  the  eleventh  chapter  on  the  changes  which 
occurred  during  growth  in  crossed  plants  of  Tropseolum,  Cereus, 
Datura,  and  Lathyrus  are  all  analogous.  As,  however,  these 
plants  are  hybrids  of  the  first  generation,  and  as  their  buds 
after  a  time  come  to  resemble  their  parents  and  not  their 
grandparents,  these  cases  do  not  at  first  appear  to  come  under 
the  law  of  reversion  in  the  ordinary  sense  of  the  word ;  never- 
theless, as  the  change  is  effected  through  a  succession  of  bud- 
generations  on  the  same  plant,  they  may  be  thus  included. 

Analogous  facts  have  been  observed  in  the  animal  kingdom, 

*^  Verlot,   <Dm   Vari^teb,'    1865,      torn.  i.  p.  25.  Alex.  Braon  (in  hli  <  He- 
p.  63.  jarenesconce,*  RaySoc,  1853,  p.  315) 

"  *NoaTello5  Archives  da  Mos^uin,'      Apparentlj  holds  a  similar  opinion. 


12  IKHEBITANCB.  CiUP.  XIIX. 

and  are  more  remarkable,  as  they  oocur  in  the  same  individnal 
in  the  strictest  sense,  and  not  as  with  pknts  through  a  suc- 
cession of  bud-generations.  With  animals  the  act  of  rever- 
sion, if  it  can  be  so  designated,  does  not  pass  over  a  true 
generation,  but  merely  over  the  early  stages  of  growth  in  the 
same  individual.  For  instance,  I  crossed  several  white  hens 
'vidth  a  black  cock,  and  many  of  the  chickens  were,  during  the 
first  year,  perfectly  white,  but  acquired  during  the  second  year 
black  feathers;  on  the  other  hand,  some  of  the  chickens 
which  were  at  first  black,  became  during  the  second  year 
piebald  with  white.  A  groat  breeder^  says,  tliat  a  Foncillod 
Brahma  hen  which  has  any  of  the  blood  of  the  Light  Brahma 
in  her,  will  ''occasionally  produce  a  pullet  well  pencilled 
during  the  first  3'car,  but  she  will  most  likely  moult  brown  on 
the  shoulders  and  become  quite  unlike  her  original  colours  in 
the  second  year.**  The  same  thing  occurs  with  light  Brahmas 
if  of  impure  blood.  I  have  observed  exactly  similar  cases 
with  the  crossed  ofiispring  from  di£ferently  coloured  pigeons. 
But  here  is  a  more  remarkable  fact :  I  crossed  a  turbit,  which 
has  a  frill  formed  by  the  feathers  being  reversed  on  its  breast, 
with  a  trumpeter ;  and  one  of  the  young  pigeons  thus  raised 
at  first  showed  not  a  trace  of  the  frill,  but,  after  moulting 
thrice,  a  small  yet  unmistakably  distinct  frill  appeared  on 
its  breast.  According  to  Girou,'^  calves  produced  from  a  red 
cow  by  a  black  bull,  or  from  a  black  cow  by  a  red  bull,  are 
not  rarely  bom  red,  and  subsequently  become  black.  I 
possess  a  dog,  the  daughter  of  a  white  terrier  by  a  fox- 
coloured  bulldog ;  as  a  puppy  she  was  quito  white,  but  when 
about  six  months  old  a  black  spot  appeared  on  her  nose,  and 
brown  spots  on  her  ears.  N\  hen  a  little  older  she  was  badly 
wounded  on  the  back,  and  the  hair  which  grew  on  the 
cicatrix  was  of  a  brown  colour,  apparently  derived  from 
her  father.  'Jhis  is  the  more  remarkable,  as  with  most 
animals  having  coloured  hair,  that  which  grows  on  a  wounded 
surface  is  white. 

In  the  foregoing  cases,  the  characters  which  with  advancing 
ago  reappeared,  were  present  in  the  immediately  preceding 

»  Mr.  Teebar,  In   '  The  Poaltrjr  **  Quoted  hj  Hofncker,  <  Ueber  dit 

Book,'  b7  Mr.  Tegetmeicr,  1866,  p.       Eigenschaften,'  &c.,  s.  98. 
72. 
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generations ;  but  characters  sometimes  reappear  in  the  same 
manner  after  a  much  longer  interval  of  time.  Thus  the 
calves  of  a  hornless  race  of  cattle  which  originated  in 
Gorrientee,  though  at  first  quite  hornless,  as  they  become 
adult  sometimes  acquire  small,  crooked,  and  loose  horns ;  and 
these  in  succeeding  years  occasionally  become  attached  to  the 
skull.'*  White  and  black  Bantams,  both  of  which  generally 
breed  true,  sometimes  assume  as  they  grow  old  a  saffron  or 
red  plumage.  Folr  instance,  a  first-rate  black  bantam  has 
been  described,  which  during  three  seasons  was  perfectly 
black,  but  then  annually  became  more  and  more  red ;  and  it 
deserves  notice  that,  this  tendency  to  change,  whenever  it 
occurs  in  a  bantam,  "  is  almost  certain  to  prove  hereditary."'* 
The  cuckoo  or  blue-mottled  Dorking  cook,  when  old,  is  liable 
to  acquire  yellow  or  orange  hackles  in  place  of  his  proper 
bluish-grey  hackles.'^  Now  as  QalUu  hankiva  is  coloured  red 
and  orange,  and  as  Dorking  fowls  and  bantams  are  descended 
from  this  species,  we  can  hardly  doubt  that  the  change  which 
occasionally  occurs  in  the  plumage  of  these  birds  as  their  age 
advances,  results  from  a  tendency  in  the  individual  to  revert 
to  the  primitive  type. 

CroMing  cl$  a  direct  cause  of  Bevereion, -^It  has  long  been 
notorious  that  hybrids  and  mongrels  often  revert  to  both  or 
to  one  of  their  parent- forms,  after  an  interval  of  from  two  to 
seven  or  eight,  or,  according  to  some  authorities,  even  a  greater 
number  of  generations.  But  that  the  act  of  crossing  in  itself 
gives  an  impulse  towards  reversion,  as  shown  by  the  reap- 
pearance of  long-lost  characters,  has  never,  I  believe,  been 
hitherto  proved.  Tho  proof  lies  in  certain  peculiarities,  which 
do  not  characterise  the  immediate  parents,  and  therefore  can- 
not have  been  derived  from  them,  frequently  appearing  in  the 
offspring  of  two  breeds  when  crossed,  which  peculiarities 
never  appear,  or  appear  with  extreme  rarity,  in  these  same 
breeds,  as  long  as  they  are  precluded  from  crossing.    As  this 

»  Azara,    <  Essais   Hist.  Nat.    de  <  The  Poultry  Book,'  by  Mr.  Teget- 

Paraguaj,'  torn.  iL  1801,  p.  372.  meier,  1866,  p.  248. 

**  Th«se  faeU  are   giTon  on  the  *'  *  The  Poultry  Book,'  by  Teget- 

high  authority  of  Mr.   Hewitt,   in  meier,  1866,  p.  97. 
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conclusion  Beoms  to  me  higlily  oarioiu  and  novel,  I  will  give 
the  evidence  in  detail. 

;  My^.attention,  was.  first  called  to  this  subject,  and  I  was  led  to 
inakeiiumeious  experiments,  by  MM.,fioitftrd  and  Corbi^  having 
stated  that,  when  they  crossed  certain  breeds  of  pigeons,  birds 
ooloured  like  the  wild  C  livia,  or  the  common  dovecot— namely, 
slaty-blue,  with  double  black  wiog-bars,  sometimes  chequered 
with  black,  white  loins,  the  tail,  barred  with  black,  with  the  outer 
feathers  edged  with  white, — were  almost  invariably  produced.  The 
breeds  which  I  crossed,  and  the  remarkable  results  attained,  have 
been  fully  described  in  the  sixtli  chapter.  I  selected  pigeons 
belonging  to  true  and  ancient  breeds,  which  had  not  a  trace  of  blue 
ift  any  of  the  above  specified  marks ;  but  when  crossed,  and  their 
mongrels  recrossed,  young  birds  were  often  produced,  more  or  less 
plainly  coloured  slaty-blue,  with  some  or  all  of  the  proper  charac- 
teristic marks.  I  may  recall  to  the  reader's  memory  one  case, 
namely,  that  of  a  pigeon,  hardly  distinguishable  from  the  wild 
Shetland  species,  the  grandchild  of  a  red-spot,  .white  fantail,  and 
two  black  barbs,  from  any  of  which,  when  purely-bred,  the  produc- 
tion of  a  pigeon  coloured  like  the  wild  C.  livia  would  have  been 
almost  a 

I  was  thus  led  to  make  the  experiments,  recorded  in  the  seventh 
chapter,  on  fowls.  I  selected  long-established  pure  breeds,  in 
which  there  was  not  a  trace  of  red,  yet  in  several  of  the  mongrels 
feathers  of  this  colour  appeared;  and  one  magnificent  bird,  the 
ofbpring  of  a  black  Spanish  cock  and  white  Silk  hen,  was  coloured 
almost  exactly  like  the  wild  GaUus  bankiva.  All  who  know  any- 
thing of  the  breeding  of  poultry  will  ^dmit  that  tens  of  thousands 
of  pure  Spanish  and  of  pure  white  Silk  fowls  might  have  been 
reared  without  the  appearance  of  a  red  feather.  The  fact,  given  on 
the  authority  of  Mr.  Tegetmeier,  of  the  freauent  appearance,  in 
mongrel  fowls,  of  iMncilled  or  transversely- iMirred  feathers,  like 
those  common  to  many  gallinaceous  birds,  is  likewise  apparently  a 
ease  of  reversion  to  a  character  formerly  possessed  by  some  ancient 
progenitor  of  the  family.  I  owe  to  the  kindness  of  this  excellent 
obseryer  the  opportunity  of  inspecting  some  neck-hackles  and  tail- 
feathers  from  a  hybrid  between  the  common  fowl  and  a  very  distinct 
species,  the  Qailus  varius;  and  these  feathers  are  transversely 
striped  in  a  conspicuous  manner  with  dark  metallic  blue  and  grey, 
a  character  which  could  not  have  been  derived  from  either  immediate 
|)arent. 

I  have  boon  informed  by  Mr.  B.  P.  Brent,  that  he  crossed  a  white 
Aylesbury  drake  and  a  black  QO-called  Labrador  duck,  both  of 
which  arc  true  breeds,  and  he  obtained  a  younc  drake  closely  like 
the  mallard  (A,  iofcAotl  Of  tb«  musk-duck  (CaintM  fno$chiU«if  Linn.) 
there  are  two  sub-breeos,  namely,  white  and  alate-ooloured ;  and  these 
I  am  Informed  breed  true,  or  nearly  true.  But  the  Rev.  W.  D.  Fox 
tells  me   that,  by  putting  a  white   drake  to   a   slate-eoloured  duck, 
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black  birds,  pied  with  white,  like  the  wild  musk-duck,  wore  always 
produced,  l  hear  from  Mr.  Blyth  that  hybrids  from  tiie  canary 
and  gold-finch  almost  always  have  streaked  feathers  on  their  backs; 
and  this  streaking  must  be  derived  from  the  original  wild  canary. 

We  have  seen  in  the  fourth  chapter,  that  the  so-called  Himalayan 
rabbit,  with  its  snow-white  body,  black' ears,  hose,  tail,  and  feetj 
breeds  perfectly  true.  This  race  is  known  to  have  been  formed  by 
the  union  of  two  varieties  of  silver-grey'  rabbits.  Now,  when  a 
Himalayan  doe  was  crossed  by  a  sandy-coloured  buck,  a  silver-grey 
rabbit  was  produced;  and  tliis  is  evidently  a  case  of  reversion  to 
one  of  the  parent  varieties.  The  young  of  the  Himalayan  rabbit  are 
born  snow-white,  and  the  dark  marks  do  not  appear  until  some 
time  subsequently;  but  occasionally  young  Himalayan  rabbits  are 
bom  of  a  light  silver-grey,  which  colour  soon  disappears ;  so  that 
here  we  have  a  trace  of  reversion,  during  an  early  period  of  Ufe,  to 
the  parent  varieties,  indei>endently  of  any  recent  cross. 

In  the  third  chapter  it  was  shown  that  at  an  ahoient  period 
some  breeds  of  cattle  in  the  wilder  parts  of  Britain  were  white  with 
dark  ears,  and  that  the  cattle  now  kept  half  wild  in  certain  parks, 
and  those  which  have  run  quite  wild  in  two  distant  parts  of  the 
world,  are  likewise  thus  coloured.  Now,  an  experienced  breeder, 
Mr.  J.  Beasley,  of  Northamptonshire,"  crossed  some  carefully 
Selected  West  Highland  cows  with  purely-bred  shorthorn  bulls. 
The  bulls  were,  red,  red  and  white,  or  dark  roan ;  and  the  Highland 
cows  were  all  of  a  red  colour,  inclining  to'  a  light  or  yellow  shade. 
But  a  considerable  number  of  the  ofEBpring— and  Mr.  Beasley  calls 
attention  to  this  as  a  remarkable  fact— were  white,  or  white  witii 
red  ears.  Bearing  in  mind  that  none  of  the  ^rents'  were  white, 
and  that  th^  were  purely-bred  animals,  it  is  highly  probable  that 
here  the  offspring  reverted,  in  consequence  of  the  cross,  to  the 
colour  of  some  ancient  and  half- wild  parent-breed.  The' following 
case,  perhaps,  comes  under  the  same  bead :  cows  in  their  natural 
state  have  their  udders  but  little  developed,  and  do  not  yield  nearly 
so  much  milk  as  our  domesticated  animals.  Now  there  is  some 
reason  to  believe**  that  cross-bred  animals  between  two  kinds,  boUi 
of  which  are  good  milkers,  such  as  Aldemeys  and  Shorthorns,  often 
turn  out  worthless  in  this  respect. 

In  the  chapter  on  the  Horse  reasons  wiare  assigned  for  believing 
that  the  primitive  stock  was  striped  and  dun-coloured ;  and  details 
were  given,  showing  that  in  all  parts  of  the  world  stripes  of  a  dark 
colour  frequently  appear  along  the  spine,  across  the  legs,  and  on 
the  shoulders,  where  they  are  occasionally  double  or  treble,  and 
oven  sometimes  on  the  face  and  body  of  horses  of  all  breeds  and  of 
all  colours.    But  the  stripes  appear  most  frequently  on  the  various 


**  'Gardener's    Chron.  and  Agrt-  of  oattle  as  Mr.  Wlllovghby  Wood 

cutiaral  Oaseite,'  1866,  p.  528.  (<  Card.  Chron.'  1869,  p.  1216),  admite 

**  Ibid.,  1860,  p.  343.    I  am  glad  my  principle  of  a  cross  giving    a 

to  find  that  so  experienced  a  breeder  tendency  to  reversion. 
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kindB  of  duns.  In  foak  they  are  sometimes  plainly  seen,  and 
subsequently  disappear.  Tlie  dun^colour  and  the  stripes  are 
strongly  transmitted  when  a  horse  thus  characterised  is  crossed 
with  any  other;  but  I  was  not  able  to  prove  that  striped  duns  are 
generally  produced  from  the  crossing  of  two  distinct  breeds,  neither 
of  which  are  duns,  though  this  does  sometimes  occur. 

The  legs  of  the  ass  are  often  striped,  and  this  may  considered  as 
a  roversion  to  the  wild  parent  form,  the  J£guu$  Umiopui  of  Abyssinia,^ 
which  is  generally  thus  striped.  In  the  domestic  animal  the  stripes 
on  the  shoulder  are  occasionally  double,  or  forked  at  the  extremity, 
as  in  certain  zebrine  species.  There  is  reason  to  belieye  that  the 
foal  is  more  frequently  striped  on  the  logs  than  the  adult  animal. 
As  with  the  horse,  I  have  not  acquired  any  distinct  evidence  that 
the  crossing  of  difforontly-colourod  varieties  of  the  ass  brings  out 
the  stripes. 

But  now  let  us  turn  to  the  result  of  crossing  the  horse  and  as& 
Although  mules  are  not  nearly  so  numerous  in  England  as  asses, 
I  have  seen  a  much  greater  number  with  striped  legs,  and  with 
the  stripes  far  more  conspicuous  than  in  either  parent-form.  Such 
mules  are  generally  light-coloured,  and  might  be  called  fallow- 
duns.  The  shoulder-stripe  in  one  instance  was  deeply  forked  at  the 
extremity,  and  in  another  instance  was  double,  though  united  in  the 
middle.  Mr.  Martin  gives  a  figure  of  (i  Spanish  mule  with  strong 
Eebra-like  marks  on  its  legs,'^  and  remarks  that  mules  are  particu- 
larly liable  to  be  thus  striped  on  their  legs.  In  South  America, 
according  to  Boulin,**  such  stripes  are  more  frequent  and  con- 
spicuous in  the  mule  than  in  the  ass.  In  the  United  States,  Mr. 
Gosse,"  speakinj;  of  these  animals,  says, "  that  in  a  great  number, 
"  perhaps  in  nine  out  of  every  ten,  the  legs  are  banded  with 
''  transverse  dark  stripes.'* 

Many  years  ago  I  saw  in  the  Zoolo4;ical  Gardens  a  curious  triple 
hybrid,  from  a  bay  mare,  by  a  hybrid  from  a  male  ass  and  female 
eebra.  This  animal  when  old  hod  hardly  any  stripes;  but  I  was 
assured  by  the  superintendent,  that  when  young  it  hod  shoulder- 
stripes,  and  faint  stripes  on  its  flanks  and  legs.  I  mention  this  case 
more  especially  as  an  instance  of  the  stripes  being  much  plainer 
during  youth  than  in  old  age. 

As  the  zebra  has  such  a  conspicuously  striped  body  and  legs,  it 
might  have  been  expected  that  the  hybrids  from  this  animal  and 
the  common  ass  would  have  had  their  legs  in  some  degree  striped ; 
but  it  appears  from  tho  figures  given  in  Dr.  Ora/s  'Knowsley 
Gleanings.' and  still  more  plainly  from  that  given  by  Geoifroy  and 
F.  Cuvier,"^  tliat  the  legs  are  much  more  conspicuously  striped  than 
the  rest  of  the  body ;  and  this  fact  is  intelligible  only  on  the  boiief 

*•  Sclater,  in  *  Proa  Zoolog.  Soc./      1835,  p.  S38. 
1862,  p.  168.  "^  *  Letters  from  AUbamu,'  1859,  p 


"  *  History  of  the  Horse,'  p.  212.         280. 
"*  *  M4m,     prdsent^     par    divers  ** 

Savaos  k  TAcad.   Ru/ale/  toni.  vi.       182A,  torn.  i. 


"*  *  M4m,    prdsent^    par    divers  **  *  Hist.    Nat.  des    Maromifcrn, 

M  k  I'Acad.   Ruyale/  toni.  vi. 
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that  the  oes  aids  in  giving,  through  the  power  of  xeretsion,  this 
oliaracter  to  its  hybriGToibpring. 

The  quagga  is  banded  over  the  whole  front  part  of  its  body  like 
a  zebra,  bat  has  no  stripes  on  its  legs,  or  mere  traces  of  them.  But 
in  the  famous  hybrid  bred  by  Lord  Morton,*^  from  a  chestnut, 
nearly  purely-bred,  Arabian  mare,  by  a  male  quagga,  the  stripes 
were  "  more  strongly  defined  and  darker  than  those  on  the  legs  of 
"  the  qungga."  The  mare  was  subsequently  put  to  a  black  Arabian 
horse,  aud  bore  two  colts,  both  of  which,  as  formerly  stated,  were 
plainly  striped  on  the  legs,  and  one  of  them  likewise  had  stripes  on 
tiho  neck  am  body. 

The  JSguiu  indicus^  is  characterised  by  a  spinal  stripe,  without 
shoulder  or  leg  stripes ;  but  traces  of  these  latter  stripes  may  occa* 
sionally  be  seen  even  in  the  adult ; "  and  Colonel  S.  Poole,  who  has 
had  ample  opportunities  for  observation,  informs  me  that  in  the 
foal,  when  first  bom,  the  head  and  1^  are  often  striped,  but  the 
shoulder-stripe  is  not  so  distinct  as  in  the  domestic  ass;  all  these 
stripes,  excepting  that  along  the  spine,  soon  disappear.  Now  a 
hybrid,  raised  at  Knowsley**  from  a  female  of  this  species  by  a 
male  domestic  ass,  had  all  four  legs  transversely  and  conspicuously 
striped,  had  tliree  short  stripes  on  each  shoulder  and  had  even  some 
zebra-like  stripes  on  its  face  1  Dr.  Gray  informs  mo  that  he  has 
seen  a  second  nybrid  of  the  same  parentage  similarly  striped. 

From  these  facts  we  see  that  the  crossing  of  the  several  equine 
species  tends  in  a  marked  manner  to  cause  stripes  to  appear  on 
various  parts  of  the  body,  especially  on  the  legs.  As  we  do  not 
know  whether  the  parcnt-form.of  the  genus  was  striped,  the  appear- 
ance  of  the  stripes  can  only  hypothetically  be  attributed  to  reversion. 
But  most  persons,  after  considering  the  many  undoubted  cases  of 
variously  coloured  marks  reappearing  by  reversion  in  my  experi- 
ments on  cfossed  pigeons  and  fowls,  will  come  to  the  same  conclu- 
sion with  respect  to  the  horse-genus;  and  if  so,  we  must  admit 
that  the  progenitor  of  the  group  was  striped  on  the  legs,  shoulders, 
face,  and  probably  over  the  wholo  body,  like  a  zebra. 

Lastly, Professor  Jaeger  has  given*  a  good  case  with  pigs.    He 


**  *  Philotoph.  Transact,'  1821,  p. 
20. 

»•  Sclatcr,  in  «Proc  Zoolog.  P,c.,' 
1862,  p.  163:  this  species  i^  tho 
Ghor-Khur  of  N.W.  India,  and  has 
often  been  called  the  Hemionus  of 
Pallas.  See^  also,  Mr.  Blyth's  ex- 
cellent paper  in  *  Journal  of  Asiatio 
Soo.  of  Bengal,'  toL  zxviii.,  1860,  p. 
229. 

*'  Another  species  of  wild  ass,  the 
true  K  hemiontu  or  Kiang,  which 
ordinarily  has  no  shoulder-stripes,  is 
said  occasionally  to  have  them ;  and 


these,  as  with  the  horse  and  ass,  are 
sometimes  double:  M9  Mr.  Blyth,  in 
tho  paper  just  quoted,  and  in  *  Indian 
Sporting  Keview,'  1856,  p.  820 :  and 
CVil.  Hamilton  Smith,  in  'Nat.  Library, 
Horses,*  p.  818;  and  'Diet.  Class. 
d'Hist.  Nat.,'  tom.  iii.  p.  563. 

"  Figured  in  the  '  Uleanings  from 
the  Knowsley  Menageries,'  by  1>t,  J« 
£.  Gray. 

**.'Darwin'sche  Theorie  und  ihri 
Stellung  zu  Moral  und  fi6ligioD,'u 
85. 
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crossed  the  Japanese  or  masked  .breed  with  the  common  German 
breed,  and  the  offispring  wore  intermediate  in  character.  He  then 
re-crossed  one  of  these  mongrels  with  the  pure  Japanese,  and  in 
the  litter  thus  produced  one  of  the  young  resembled  in  all  its 
characters  a  wila  pig;  it  had  a  long  snout  and  upright  ears,  and 
was  striped  on  the  back.  It  should  be  borne  in  mmd  that  the 
young  of  the  Japanese  breed  are  not  striped,  and  that  they  haye 
a  short  muzzle  and  ears  remarkably  dependent 

'  A  similar  tendency  to  the  reoovery  of  long  lost  characters 
holds  good  even  with  the  instincts  of  crossed  animals.  There 
aro  some  breeds  of  fowls  whioh  arc  called  '*  everlasting 
layers,"  because  they  have  lost  the  instinct  of  incubation ; 
and  so  rare  is  it  for  them  to  incubate  that  I  haye  seen  notioes 
published  in  works  on  poultry,  when  hens  of  such  breeds  haye 
taken  to  sit.^®  Yet  the  aboriginal  species  was  of  course  a 
good  incubator ;  and  yeith  birds  in  a  state  of  nature  hardly 
any  instinct  is  so  strong  as  this.  Now,  so  many  cases  haye 
been  recorded  of  the  crossed  offspring  from  two  races,  neither 
of  which  are  incubators,  becoming  first-rate  sitters,  that  the 
reappearance  of  thia  instinct  must  be  attributed  to  reyersion 
from  crossing.  One  author  goes  so  far  as  to  say, "  that  a  cross 
between  two  non-sitting  Tarieties  almost  invariably  prodnoes 
a  mongrel  that  beoomes  broody,  and  sits  with  remarkable 
steadiness."  *^  Another  author,  after  giving  a  striking  ex- 
ample, remarks  that  the  fact  oan  be  explained  only  on  the 
principle  that  "two  negatives  make  a  positive."  It  cannot, 
however,  be  maii^tained  that  hens  produced  from  a  cross 


*•  CaMfl  of  both  Spanlih  and  Polish 
heni  sitting  are  giren  in  the  *  Poultry 
Chronicle,'  1855,  roL  iii.  p.  477. 

«  'The  Poultry  Book,*  by  Mr. 
Tegetmeler,  1866,  pp.  119,  163.  The 
author,  who  remarks  on  the  two 
negatires  ('Joam.  of  Hort.,'  1862, 
p.  325),  states  that  two  broods  wore 
raised  from  a  Spanish  cook  and  SiWer- 
penoilled  Hamburg  hen,  neither  of 
which  are  Incubators,  and  no  less 
than  seren  out  of  eight  hens  in  these 
two  broods  ''show A  a  perfect  ob- 
stinaoy  in  sitting.**  The  Bev.  E.  S. 
Dixon  ('Ornamental  Poultry,'  1848, 
p.  200)  says  that  chickens   reared 


firom  a  cross  between  Golden  and 
Black  Polish  fowls,  are  *'good  and 
stead/  birds  to  sit.**  Mr.  B.  P.  Brent 
informs  me  that  he  raised  some  good 
sitting  hens  by  crossing  Pencilled 
Hamburg  and  Polish  breeds.  A 
croas-brA  bird  iVom  a  Spanish  non- 
incubating  cock  and  Cochin  incu- 
bating hen  is  mentioned  in  tho '  Poultry 
Chronicle,'  Tol.  iii.  p.  18,  os  an  **  ex- 
emplary mother."  On  the  other 
hand,  an  exceptional  case  Is  giren  In 
the  'CotUge  Gardener,'  1860,  p.  888, 
of  a  hen  raised  from  a  Spanish  cook 
and  black  Polish  hen  which  did  not 
incubate. 
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between  two  non-sitting  breeda  inYariably  recover  their  lost 
instinct,  any  more  than  that  crossed  fowls  or  pigeons  invari- 
ably recover  the  red  or  blue  plumage  of  their  prototypes.  Thus 
I  raised  several  chickens  from  a  Polish  hen  by  a  jSpanish 
cocky — breeds  which  do  not  incubate, — and  none  of  the  young 
hens  at  first  showed  any. tendency  to  sit;  but  one  of  them-^ 
the  only  one  which  was  preserved — in  the  third  year  sat  well 
on  her  eggs  and  reared  a  brood  of  chickens.  So  that  here  we 
have  the  reappearance  with  advancing  ago  of  a  primitive 
instinct,  in  the  same  manner  as  we  have  seen  that  the  red 
plumage  of  the  OaUui  bankiva  is  sometimes  reaoqidred  both 
by  crossed  and  puroly*bred  fowls  of  various  kinds  as  they 
grow  old. 

The  parents,  of  all  our  domesticated  animals  were  of.  course 
aboriginally  wild  in  disposition ;  and  when  a  domesticated 
species  is  crossed  with  a  distinct  species,  whether  this  is  a 
domesticated  or  only  a  tamed  animaL  the  hybrids  are  often 
wild  to  such  a  degree,  that  the  fact  is  intelligible  only  on  the 
principle  that  the  cross  has  caused  a  partial  return  to  a 
primitive  disposition.  Thus^  the  Earl  of  Fowls  formerly  im- 
ported some  thoroughly  domesticated,  humped  cattle  from 
India,  and' crossed  them  with  English  breeds,  which  belong  to 
a  distinct  species;  and  his  agent  remarked  to  me,  without 
any  question  having  been  asked,  how  oddly  wild  the  cross- 
bred animals  were.  'The  European  wild  boar  and  the  Chinese 
domesticated  pig  are  almost  certainly  specifically  distinct: 
Sir  F.  Darwin  crossed  a  sow  of  the  latter  breed  with  a  wild 
Alpine  boar  which  had  become  extremely  tame,  but  the  young, 
though  having  half-domesticated  blood  in  their  veins,  were 
'*  extremely  wild  in  confinement,  and  would  not  eat  SMdll  like 
common  Ihiglish  pigs."  Captain  Hutton,  in  India,  crossed  a 
tame  goat  with  a  wild  one  from  the  Himalaya,  and  he  re- 
marked to  me  how  surprisingly  wild  the  o£Gipring  were. 
Mr.  Hewitt,  who  has  had  great  experience  in  crossing  tame 
cook-pheasants  with  fowls  belonging  to  five  breeds,  gives  as 
the  character  of  all  "  extraordinary  wildness  ;'*^^  but  I  havo 
myself  seen  one  exception  to  this  rule.    Mr.  S.  J.  Salter/' 

**  «Th«  Poaltry  Book,*  b/  Tegot-  <*  <  Natural  Uiittorj  Review,' 1SS8, 

BMiar,  166d,  pp.  165, 167.  April,  p.  277. 
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who  raised  a  large  number  of  hybrids  from  a  bantam-hen  by 
OaUuM  $onneraliiy  states  that  *'all  were  exceedingly  wild." 
Mr.  Waterton^^  bred  some  wild  dncks  from  eggs  hatched 
nnder  a  common  duck,  and  the  young  were  allowed  to  cross 
freely  both  amongst  themselyes  and  with  the  tamo  ducks; 
they  were  "  half  wild .  and  half  tame ;  they  came  to  the 
windows  to  be  fed,  but  still  they  had  a  wariness  about  them 
quite  remarkable." 

On  the  other  hand,  mules  from  the  horse  and  ass  are 
certainly  not  in  the  least  wild,  though  notorious  for  obstinacy 
and  vice.  Mr.  Brent,  who  has  crossed  canary-birds  with 
many  kinds  of  finches,  has  not  observed,  as  he  informs  me, 
that  the  hybrids  were  in  any  way  remarkably  wild:  but 
Mr.  Jenner  Weir  who  has  had  still  greater  experience,  is  of  a 
directly  oppoHite  opinion.  He  remarks  that  the  siskin  is  the 
tamest  of  finches,  but  its  mules  are  as  wild,  when  young,  as 
newly  caught  birds,  and  are  often  lost  through  their  continued 
efforts  to  escape.  Hybrids  are  often  raised  between  the 
common  and  musk  duck,  and  I  have  been  assured  by  three 
persons,  who  have  kept  these  crossed  birds,  that  they  were 
not  wild ;  but  Mr.  Qamett^^  observed  that  his  hybrids  were 
wild,  and  exhibited  '*  migratory  propensities  "  of  which  there 
is  not  a  vestige  in  the  common  or  musk  duck.  Ko  case  is 
known  of  this  latter  bird  having  escaped  and  become  wild  in 
Europe  or  Asia,  except,  according  to  Pallas,  on  the  Caspian 
Sea ;  and  the  common  domestic  duck  only  occasionally  becomes 
wild  in  districts  where  large  lakes  and  fens  abound.  Never- 
theless, a  large  number  of  cases  have  been  recorded^*  of 
hybrids  from  these  two  ducks  having  been  shot  in  a  com- 
pletely wild  state,  although  so  few  are  reared  in  comparison 
with  purely-bred  birds  of  either  species.  It  is  improbable 
that  any  of  these  hybrids  could  have  acquired  their  wildness 

**  'Essajf  on  Natural  Hutory,'  p.  asserts  ('Zoologist,'  toI.  t^  lS45-4tf, 

917.  p.  1254)  that  sairaral  haro  been  shot 

**  As  stated  bj  Mr.  Orton,  in  his  in  yarions    parts   of  Belgium    and 

'  Physiology  of  breeding,'  p.  12.  Northern  France.   Audubon  (*  Ornith- 

**  H.     E.    de    Selys-Longchamps  olog.   Biography,*  toI.   lii.  p.    168), 

refers  (*  Bulletin  Acad.  Roy.  de  Brns-  speaking  of  these  hybrids,  says  that, 

elles,'  torn.  ziL  No.  10)  to  more  than  in   North  America,  they  **  now  and 

seren    of    these    hybrids    shot    in  then  wander  off  and  baoome  quits 

Switzerland  and  Franca.     M.  Deby  wild." 
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from  the  musk-duck  having  paired  with,  a  tmlj  wild  duck ; 
and  this  is  known  not  to  be  the  case  in  North  America ;  hence 
we  must  infer  that  ihej  hare  reacquired,  through  reversion, 
their  wildness,  as  well  as  renewed  powers  of  flight. 

These  latter  facts  remind  us  of  the  statements,  so  frequently 
made  by  .travellers  in  all  parts  of  the  world,  on  the  degraded 
state  and  savage  disposition  of  crossed  races  of  man.  That 
many  excellent  and  kind-hearted  mulattos  have  existed  no  one 
will  dispute ;  and  a  more  mild  and  gentle  s^t  of  men  could 
hardly  be  found  than  the  inhabitants  of  the  island  of  Chiloe» 
who  consist  of  Indians  commingled  with  Spaniards  in  various 
proportions.  On  the  other  hand,  many  years  ago,  long  before 
I  had  thought  of  the  present  subject,  I  was  struck  with  the 
fact  that,  in  South  America,  men  of  complicated  descent 
between  Negroes,  Indians,  and  Spaniards,  seldom  had,  what- 
ever the  cause  might  be,  a  good  expression/^  Livingstone, — 
and  a  more  unimpeachable  authority  cannot  be  quoted, — after 
speaking  of  a  half-caste  man  on  the  Zambesi,  described  by  the 
Portuguese  as  a  rare  monster  of  inhumanity,  remarks,  "  It  is 
unaccountable  why  half-castes,  such  as  he,  are  so  much  more 
cruel  than  the  Portuguese,  but  such  is  undoubtedly  the  case." 
An  inhabitant  remarked  to  Livingstone,  **  God  made  white 
men,  and  God  made  blcusk  men,  but  the  Devil  made  half- 
castes."^*  "When  two  races,  both  low  in  the  scale,  are  crossed 
the  progeny  seems  to  be  eminently  bad.  Thus  the  noble- 
hearted  Humboldt,  who  felt  no  prejudice  against  the  inferior 
races,  speaks  in  strong  terms  of  the  bad  and  savage  disposition 
of  Zambos,  or  half-castes  between  Indians  and  Negroes ;  and 
this  conclusion  has  been  arrived  at  by  various  observers.*' 
From  these  facts  we  may  perhaps  infer  that  the  degraded  state 
of  so  many  half-castes  is  in  part  due  to  reverHion  to  a  primitive 
and  savage  condition,  induced  by  the  act  of  crossing,  even  if 
mainly  due  to  the  unfavourable  moral  conditions  under  which 
they  are  generally  reared.  • 

Summary  on  (he  proximaU  eausea  leading  to  Bever$wn, — When 

*^  «Joiirsal  of  Researches,'  1845,  ^  Dr.  P.  Broca,  on  *Ujbridit]r  in 

p.  71.   •  the    Genus    Homo,'    £ng.    iranslat., 

«•  *  Expedition    to    the    Zambesi,'  1864,  p.  39. 
1865,  pp.  25,  150. 
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pnrely-bred  animals  or  plants  reassnme  long-lost  characters, — 
when  tlie  common  ass,  for  instance,  is  bom  with  striped  legs, 
when  a  pure  race  of  black  or  white  pigeons  throws  a  slaty- 
bine  bird,  or  when  a  onltivated, heartsease  with  large  and 
ronnded  flowers  produces  a  seedling  with  small  and  elongated 
flowers, — we  are  qnite  nnable  to  assign  any  proximate  cause. 
When  animals  run  wild,  the  tendency  to  reyersion,  which, 
though  it  has  been  greatly  exaggerated,  no  doubt  exists,  is 
sometimes  to  a  certain  extent  intelligible.  Thus,  with  feral 
pigs,  exposure  to  the  weather  will  probably  favour  the  growth 
of  the  bristles,  as  is  known  to  bo  the  case  with  tho  hair  of 
other  domesticated  animals,  and  through  correlation  the  tusks 
will  tend  to  be  redeyeloped.  But  the  reappearance  of  coloured 
longitudinal  stripes  on  young  feral  pig8  cannot  be  attributed 
to  the  direct  action  of  external  conditions.  In  this  case,  and 
in  many  others,  we  can  only  say  that  any  change  in  the 
habits  of  life  apparently  favour  a  tendency,  inherent  or  latent 
in  the  species,  to  return  to  the  primitive  state. 

It  will  bo  shown  in  a  future  chapter  that  the  position  of 
flowers  on  the  summit  of  the  axis,  and  the  position  of  seeds 
within  the  capsule,  sometimes  determine  a  tendency  towards 
reversion  ; .  and  this  apparently  depends  on  the  amount  of  sap 
or  nutriment  which  the  fldwer-buds  and  seeds  receive.  The 
position,  also,  of  buds,  either  on  branches  or  on  roots,  some- 
times determines,  as  was  formerly  shown,  the  ti-ansmission  of 
the  character  proper  to  the  variety,  or  its  reversion  to  a  former 
state. 

We  have  seen  in  the  last  section  that  when  two  races  or 
species  are  crossed  there  is  the  strongest  tendency  to  the  re- 
appearance in  the  oflTspring-  of  long^lost  characters,  possessed 
by  neither  parent  nor  immediate  progenitor.  When  two 
white,  or  red,  or  black  pigeons,  of  well-established  breeds, 
are  united,  the  offspring  are  almost  sure  to  inherit  tho  same 
colours ;  but  when  differently-coloured  birds  are  crossed,  the 
opposed  forces  of  inheritance  apparently  counteract  each 
other,  and  the  tendency  which  is  inherent  in  both  parents  to 
produce  slaty-blue  offspring  becomes  predominant.  So  it  is 
in  several  other  oases.  But  when,  for  instance,  the  ass  is 
crossed  with  JSf.  indicus  or  with  the  horse,— animals  which 
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liave  not  striped  legs,— «nd  the  hybrids  have  oonspicuous 
stripes  on  their  legs  and  even  on  their  fietces,  all  that  can  be 
said  is^  'that  an  inherent  tendency  to  reversion  is  evolved 
through  some  disturbance  in  the  organisation  caused  by  the 
act  of  crossing.       .        •  .    .       * 

Another  form  of  reveraion  is  far  commoner,  indeed  is  almost 
universal  with  the  ofispring  from  a  cross;  namely,  .to  the 
characters  proper  to  either  pure  parent-form.  As  a  general 
rulci  crossed  offspring  in  the  first  generation  are  nearly  inter- 
mediate between  their  >  parents,  but  the  grandchildren  and 
succeeding  generations  continually  revert,  in  a  greater  or 
lesser  degree,  to  one  or  both  of  their  progenitors.  Several 
authors  have  maintained  that,  hybrids  and  mongrels  include 
all  the  characters  of  both  parents,  nqt  fused  together,  but 
merely  mingled  in  different  proportions  in  different  parts  of 
the  body ;  or,  as  Naudin  ^  has  expressed  it,  a  hybrid  is  a 
living  mosaic-work,  in  which  the  eye  cannot  distinguish  the 
disoordant  elements,  so  completely  are'  they  intermingled. 
We  can  hardly  doubt  that^  in.  a  certain  seinse,  this  is  true,  as 
when  we  behold  in  a  hybrid  the  elements  of  both  species 
segregating' themselves  into  segments  in  the  same  flower  or 
fruit,  by  a- process  of  self-attraction  or  self-affinity;  this 
segregation  taking  place  either  by  seminal  or  bud-propagation. 
Naudin  further  believes  that  the  segregation  of  the  two 
specific  elements  or  essences  is  eminently  liable  to  occur  in 
the  male  and  female  reproductive  matter;  and  he  thus 
explains  the  almost  universal  tendency  to  reversion  in  succes- 
sive hybrid  generations.  For  this  would  be  the  natural 
result  of  the  union  of  pollen  and  ovules,  in  both  of  which  the 
elements  of  the  same  species  had  been  segregated  by  self- 
afiinity.  If,  on  the  other  hand,  pollen  which  included  the 
elements  of  one  species  happened  to  unite  with  ovules  includ- 
ing the  elements  of  the  other  species,  the  intermediate  or 
hybrid  state-  would  still  be  retained,  and  there  would  be 
no  reversion.  But  it  would,  as  I  suspect,  be  more  correct 
to  say  that  the  elements  of  both  parent-species  exist  in  every 
hybrid  in  a  double  state,  namely,  blended  together  and  com- 

**  'NouTcUei  Archives  du  Mns^am,'  torn.  i.  p.  15L 
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plotelj  separate.  How  this  is  possible,  and  what  the  term 
specifio  essence  or  element  may  be  supposed  to  express,  I  shall 
attempt  to  show  in  the  chapter  on  the  hypothesis  of  pangenesis. 

Bat  Nandin's  Tiew,  as  propounded  by  him,  is  not  applicable 
to  the  reappearance  of  characters  lost  long  ago  by  variation ; 
and  it  is  hardly  applicable  to  races  or  species  which,  after 
having  been  crossed  at  some  former  period  with  a  distinct 
form,  and  having  since  lost  all  traces  of  the  cross,  neverthe- 
less occasionally  yield  an  individual  which  reverts  (as  in  the 
case  of  the  great-great-grandchild  of  the. pointer  Sappho)  to 
the  crossing  form.  The  most  simple  case  of  reversion,  namely, 
of  a  hybrid  or  mongrel  to  its  grandparents,  is  connected  by  an 
almost  perfect  series  with  the  extreme  case  of  a  purely-bred 
race  recovering  characters  which  had  been  lost  during  many 
ages ;  and  we  are  thus  led  to  infer  that  all  the  cases  must  be 
related  by  some  common  bond. 

Gartner  believed  that  only  highly  sterile  hybrid  plants  ex- 
hibit any  tendency  to  reversion  to  their  parent-forms.  This 
erroneous  belief  may  perhaps  be  accounted  for  by  the  nature 
of  the  genera  crossed  by  him,  for  he  admits  that  the  tendency 
differs  in  different  genera.  The  statement  is  also  directly  con« 
tradicted  by  Naudin's  observations,  and  by  the  notorious  fact 
that  perfectly  fertile  mongrels  exhibit  the  tendency  in  a  high 
degree, — even  in  a  higher  degree,  according  to  G&rtner 
himself,  than  hybrids.^^ 

G&rtner  further  states  that  reversions  rarely  occur  with 
hybrid  plants  raised  from  species  which  have  not  been  culti- 
vated, whilst,  with  those  which  have  been  long  cultivated, 
they  are  of  frequent  occurrence.  This  conclusion  explains 
a  curious  discrepancy :  Max  Wichura,*'  who  worked  exclu- 
sively on  willows  which  had  not  been  subjected  to  culture, 
never  saw  an  instance  of  reversion ;  and  he  goes  so  far  as  to 
siuipect  that  the  careful  Gartner  had  not  sufficiently  protected 
his  hybrids  from  the  pollen  of  the  parent-species :  Naudin,  on 
the  other  hand,  who  chiefly  experimented  on  oncurbitaceous  and 
other  cultivated  plants,  insists  more  strenuously  than  any  other 

•>  <  Battarderseagiing/  •.  582, 438,      dar  Weiden,'  1865,  i.  33.  For  O&rtner'A 
kc  .  remarks  on  this  brad,  tM  *BmUi^ 

"  *  Dio  BsfUrdbofraehtong  .     .  •      irzeugnng,'  s.  474,  582. 
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author  on  tlio  teudoncy  to  reversion  in  all  hybrids.  The  con- 
olnsion  that  the  condition  of  the  parent-species,  as  a£fectod  by 
coltnre,  is  one  of  the  proximate  causes  leading  to  reTersion, 
agrees  well  with  the  conTorse  case  of  domesticated  animals  and 
cultiTated  plants  being  liable  to  reversion  when  they  become 
feral ;  for  in  both  cases  the  organisation  or  constitution  must 
be  disturbed,  though  in  a  very  different  way.^ 

Finally,  we  have  seen  that  characters  often  reappear  in 
purely-bred  races  without  our  being  able  to  assign  any 
proximate  cause ;  but  when  they  become  feral  this  is  either 
indirectly  or  directly  induced  by  the  change  in  their  condi- 
tions of  life.  With  crossed  breeds,  the  act  of  crossing  in 
itself  certainly  leads  to  the  recovery  of  long-lost  characters, 
as  well  as  of  those  derived  from  either  parent-form.  Changed 
conditions,  consequent  on  cultivation,  and  the  relative  position 
of  buds,  flowers,  and  seeds  on  the  plant,  all  apparently  aid  in 
giving  this  same  tendency.  Beversion  may  occur  either 
through  seminal  or  bud  generation,  generally  at  birth,  but 
sometimes  only  with  an  advance  of  age.  Segments  or  portions 
of  the  individual  may  alone  be  thus  affected.  That  a  being 
should  bo  born  resembling  in  cortnin  cliaractors  an  ancestor 
removed  by  two  or  three,  and  in  some  cases  by  hundreds  or 
even  thousands  of  generations,  is  assuredly  a  wonderful  fact. 
In  these  cases  the  child  is  commonly  said  to  inherit  such 
characters  directly  from  its  grandparent,  or  more  remote 
ancestors.  But  this  view  is  hardly  conceivable.  If,  however, 
we  suppose  that  every  character  is  derived  exclusively  from 
the  father  or  mother,  but  that  many  characters  lie  latent  or 
dormant  in  both  parents  during  a  long  succession  of  genera- 
tions, the  foregoing  facts  are  intelligible.  In  what  manner 
characters  may  be  conceived  to  lie  latent,  will  be  considered 
in  a  future  chapter  to  which  I  have  lately  alluded. 

Latent  Characien, — But  I  must  explain  what  is  meant  by 

^  Prof.    Weismann,   in    his   rerj  elusion,  namely,  that  any  cause  which 

curious  essay  on  the  different  forms  disturbs  the  organisation,  such  as  the 

produced    by    the   same   species   of  exposure  of  the  cocoons  to  heat  of 

outterflr  at  different  seasons  ('  Saison-  eren    to    much    shalcing,    gives    a 

Dimorphismus  der  Schmetterlinge,'  pp.  tendency  to  roTersion. 
27,  28),  has  come  to  a  similar  con- 
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oharacters  lying  latent.  .  The  meet  obvious  illutitaiition  is 
afforded  by  secondary  sexual  characters.  In  every  female  all 
the  secondary  male  characters,  and  in  every  male  all  the 
secondary  female  ,  characters,  apparently  exist  in  a  latent 
state,  ready  to  be  evolved  lender  certain  conditions.  It  is 
well  known  that  a  large  number  of  female  birds,  such  as 
fowls,  various  pheasants,  partridges,  peahens,  ducks,  Aa, 
when  old  or  diseased,  or  when  operated  on,  assume  many  or 
all  of  the  secondary  male  characters  of  their  species.  In 
the  case  of  the  hen-pheasant  this  has  been  observed  to  occur 
far  more  frequently  during  certain  years  than  during  others.^^ 
A  duck  ten  years  old  has  been  known  to  assume  both  the 
perfect  winter  and  summer  plumage  of  the  drake.^'  Water- 
ton  ^*  gives  a  curious  case  of  a  hen  which  had  ceased  laying, 
and  had  assumed  the  plumage,  voice,  spurs,  and  warlike 
disposition  of  the  cock ;  when  opposed  to  an  enemy  she  would 
erect  her  hackles  and  show  fight.  Thus  every  character,  oven 
to  the  instinct  and  manner  of  fighting,  must  have  lain 
dormant  in  this  hen  as  long  as  her  ovaria  continued  to  act 
The  females  of  two  kinds  of  deer,  when  old,  have  been  known 
to  acquire  horns ;  and,  as  Hunter  has  remarked,  we  see  some- 
thing of  an  analogous  nature  in  the  human  species. 

On  the  other  hand,  with  male  animals,  it  is  notorious  that 
the  secondary  sexual  characters  arei  more  or  less  completely 
lost  when  they  are  subjected  to  castration.  Thus,  if  the 
operation  be  performed  on  a  young  cock,  he  never,  as  Yarrell 
states,  crows  again  ;  the  comb,  wattles,  and  spurs  do  not  grow 
to  their  full  size,  and  the  hackles  assume  an  intermediate 
appearance  between  true  hackles  and  the  feathers  of  the  hen. 
Cases  are  recorded  of  confinement,  which  often  affects  the 
reproductive  system,  causing   analogous  results.     But  cha- 


M  Tarrell,  <Phil.  Trimutct.,'  1827, 
n.  268;  Dr.  Hamilton,  in  *Proc 
koolog.  Soc,'  1862,  p.  23. 

•*  *ArchiT.  Skand.  Beltrftga  lar 
KatnrgeMh.'  viii.  i.  397-413. 
*  M  in  his  'Ewajs  on  Nat.  Hist.,' 
1838,  Mr.  Hewitt  gires  analogous 
CAsas  witli  hen-phoasants  in  *  Journal 
of  Uorticnlture,  July  12, 1864,  p.  37. 


Isidore  Gooffrojr  Saint-Hilalra,  In  his 
*£ssaisd«  Zoolog.  G^n.*  (*  suites  i 
DuiTon,'  1842,  pp.  496-513y,  has 
collected  such  cases  in  ten  different 
kinds  of  birds.  It  appears  that 
Aristotle  was  well  aware  of  the 
change  in  mental  disposition  in  old 
hens.  The  case  of  the  female  deer 
acquiring  horns  is  giTsn  at  p.  51 S. 
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ractors  properly  confined  to  the  female  are  likewiae  acquired 
by  the  male ;  the  capon  takes  to  sitting  on  eggs,  and  will 
bring  np  chickens;  ieind  what  is  more •  cnrions,  the  utterly 
sterile  male  hybrids  from  the  pheasant  and  the  fowl  act  in 
the  same  manner,  *' their  delight  being  to  watch  when  the 
hens  leave  their  nests,  and  to  take  on  themselves  the  office  of 
a  sitter."  ^^  That  admirable  observer  Beanmur  *^  asserts  thai 
a  cock,  by  being  long  confined  in  solitude  and  darkness,  can 
be  taught  to  take  charge  of  young  chickens ;  he  then  utters 
a  peculiar  cry,  and  retains  during  his  whole  life  this  newly 
acquired  maternal  instinct.  The  many  well-ascertained  cases 
of  various  male  mammaU  giving  milk  shows  that  their  rudi- 
mentary mammary  glands  retain  this  capacity  in  a  latent 
condition. 

We  thus  see  that  in  many,  probably  in  all  cases,  the 
secondary  characters  of  each  sex  lie  dormant  or  latent  in  the 
opposite  sex,  ready  to  be  evolved  under  peculiar  circumstances. 
"We  can  thus  understand  how,  for  instance,  it  is  possible  for 
a  good  milking  cow  to  transmit  her  good  qualities  through 
her  male  offspring  to  future  generations;  for  we  may  confi- 
dently believe  that  these  qualities  are  present,  though  latent, 
in  the  males  of  each  generation.  So  it  is  with  the  game-cook, 
who  can  transmit  his  superiority  in  courage  and  vigour 
through  his  female  to  his  male  offspring ;  and  with  man  it  is 
known  **  that  diseases,  such  as  hydrocele,  necessarily  confined 
■to  the  male  sex,  can  be  transmitted  through  the  female  to  the 
grandson.  Such  cases  as  these  offer,  as  was  remarked  at  tlie 
commencement  of  this  chapter,  the  simplest  possible  examples 
of  reversion ;  and  they  are  intelligible  on  the  belief  that 
characters  common  to  the  grandparent  and  grandchild  of  the 
same  sex  are  present,  though  latent,  in  the  intermediate 
parent  of  the  opposite  se^. 

The  subject  of  latent  characters  is  so  important,  as  we  shall 
see  in  a  future  chapter,  that  I  will  give  another  illustration. 
Uany  animals  have  the  right  and  left  sides  of  their  body 

•.'  <  Cottmgo   Gardener,'    1860,    p.  ••  Sir  H.  Holland,  <  Medical  Not« 

879.  and  Reflections,'  8rd  edit,  1855,  p. 

••  <  Art  de  faire  Eclore,'  &c,  1749,  81. 
torn.  ii.  p.  8. 
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mioqtiidlj  developed :  tliia  is  well  known  to  be  the  case  with 
flat-iiahf  in  whioh  the  one  side  differs  in  thickness  and  colour 
and  in  the  shape  of  the  fins,  from  the  other,  and  during  the 
gprowth  of  the  young  fish  one  eye  is  gradually  twisted  from 
the  lower  to  the  upper  surface.^^  In  most  flat-fishes  the  left 
is  the  blind  side,  but  in  some  it  is  the  right ;  though  in  both 
cases  reversed  or"  wrong  fishes,*'  are  occasionally  developed ; 
and  in  Plateata  fiemiB  the  right  or  left  side  is  indifferently  tlie 
upper  one.  With  gasteropods  or  shell-fish,  the  right  and  left 
sides  are  extremely  unlike ;  the  far  greater  number  of  species 
are  dextral,  with  rare  and  occasional  reversals  of  development, 
and  some  few  are  normally  sinistral ;  but  certain  species  of 
Bulimus,  and  many  Achatinellad,®^  are  as  often  sinistral  as 
dextral.  I  will  gpive  an  analogous  case  in  the  great  articulate 
kingdom :  tho  two  sides  of  Yerruca^^  are  so  wonderfully 
unlike,  that  without  careful  dissection  it  is  extremely  difficult 
to  recognise  the  corresponding  parts  on  the  opposite  sides  of 
the  body;  yet  it  is  apparently  a  mere  matter  of  chance 
whether  it  be  tho  right  or  the  loft  side  that  undergoes  so 
singular  amount  of  change.  One  plant  is  known  to  me  ®^  in 
which  the  flower,  according  as  it  stands  on  the  one  or  other 
side  of  the  spike,  is  unequally  developed.  In  all  the  foregoing 
cases  the  two  sides  are  perfectly  symmetrical  at  an  early 
period  of  growth.  Now,  whenever  a  species  is  as  liable  to  be 
unequally  developed  on  the  one  as  on  the  other  side,  we  may 
infer  that  the  capacity  for  such  development  is  present, 
though  latent,  in  the  undeveloped  side.  And  as  a  reversal  of 
development  occasionally  occurs  in  animals  of  many  kinds, 
this  latent  capacity  is  probably  very  common.  . 

The  best  yet  simplest  cases  of  characters  lying  dormant 
are,  perhaps,  those  previously  given,  in  which  chickens  and 
young  pigeons,  raised  from  a  cross  between  differently  coloured 


**  Soo  Steenstrnp  on  the  *  Obliquitr 
of  Klounden ' :  in  *  Annali  and  Mag.  of 
Nat  Ui«t.'  May,  1865,  p.  361.  1 
hare  given  an  abstract  of  Malm's 
explanation  of  this  wonderful  pheno- 
menon in  the  '  Origin  of  Specica'  6th 
Edit.  p.  186. 

*'  Dr.  £.  von  Martens,  in  '  Annals 
uul  Mag.  of  Nat  Hist'  March,  1866, 


p.  209. 

••  Darwin,  « IValanidw,*  Wny  Soc, 
18r>4,  p.  409  :  sm  also  the  ap|)en>led 
remarks  on  the  apparently  capricious 
development  of  the  thoracic  limbs  on 
the  right  and  left  sides  in  the  higher 
crustaceans. 

'*  Mormodes  ignea :  Darwin, '  Fe^ 
tilisation  of  Orchids,'  1863^  p.  251. 
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birds,  are  at  first  of  one  colotir,  but  in  a  year  or  two  acquire 
feathers  of  the  colour  of  the  other  parent ;  for  in  this  case  the 
tendency  to  a  change  of  plumage  is  clearly  latent  in  the  young 
bird.  So  it  is  with  hornless  breeds  of  cattle,  some  of  which 
acquire  small  horns  as  the^'  grow  old.  Purely  bred  black  and 
white  bantams,  and  some  other  fowls,  occasionally  assume,  with 
advancing  years,  the  red  feathers  of  the  parent-species.  I  will 
here  add  a  somewhat  different  case,  as  it  connects  in  a  striking 
manner  latent  characters  of  two  classes.  Mr.  Hewitt  ^  pos- 
sessed an  excellent  Sebright  gold-laced  bantam  hen,  which, 
as  she  became  old,  grew  diseased  in  her  ovaria,  and  assumed 
male  characters.  In  this  breed  the  males  resemble  the  females 
in  all  respects  except  in  their  combe,  wattles,  spurs,  and 
instincts ;  hence  it  might  have  been  expected  that  the  diseased 
hen  would  have  assumed  only  those  masculine  characters 
which  are  proper  to  the  breed,  but  she  acquired,  in  addition, 
well-arched  tail  sickle-feathers  quite  a  foot  in  length,  saddle- 
feathers  01%  the  loins,  and  hackles  on  the  neck, — ornaments 
which,  as  Mr.  Hewitt  reioarks,  '*  would  be  held  as  abominable 
in  this  breed."  The  Sebright  bantam  is  known  **  to  have 
originated  about  the  year  1800  from  a  cross  between  a  common 
bantam  and  a  Polish  fowl,  rocrosscd  by  a  hon-taUod  bantam, 
and  carefully  selected ;  hence  there  can  hardly  be  a  doubt 
that  the  sickle-feathers  and  hackles  which  appeared  in  the  old 
hen  were  derived  from  the  Polish  fowl  or  common  bantam ;  and 
we  thus  see  that  not  only  certain. masculine  characters  proper 
to  the  Sebright  bantam,  but  other  masculine  characters  derived 
from  the  first  progenitors  of  the  breed,  removed  by  a  period  of 
above  sixty  years,  were  lying  latent  in  this  henbird,  ready 
to  be  evolved  as  soon  as  her  ovaria  became  diseased. 

From  these  several  facts  it  must  be  admitted  that  certain 
characters,  capacities,  and  instincts,  may  lie  latent  in  an  indi- 
vidual, and  even  in  a  succession  of  individuals,  without  our 
being  able  to  detect  the  least  sign  of  their  presence.  When 
fowls,  pigeons,  or  cattle  of  different  colours  are  crossed,  and 

^  *  Joarnal  of  Horticulture,'  July,  Tegetmeier. 
1864,  p.  38.     I  hare  had  the  oppor-  •*  *  The    Poultry    Book,'    by   Mr. 

tanitj  of  examining  these  remarkable  Tegetmeier,  1866,  p.  24L 
fbatiieri  throngh  the  kindnen  of  Bir. 
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their  offspring  change  oolour  aa  they  grow  old,  or  when  the 
croHsed  turbit  acquired  the  characteristic  frill  after  ita  thii-d 
moult,  or  when  p  orely-bred  bantama  partially  assume  the  rod 
plumage  of  their  pi'ototjri>e,  we  caunot  doubt  that  these 
qualities  were  from  the  first  present,  though  latent,  in  the 
individual  animal,  like  the  charactei-s  of  a  moth  in  the  cater- 
pillar. Now,  if  these  animals  had  produced  offspring  before 
they  had  acquired  with  advancing  age  their  new  characters, 
nothing  is  more  probable  than  that  they  would  have  trans- 
mitted them  to  some  of  their  ofibpring,  who  in  this  case  would 
in  appearance  have  received  such  characters  from  their  grand- 
parents or  more  distant  progenitors.  We  should  then  have 
had  a  case  uf  reversion,  that  is,  of  the  reappearance  in  the 
child  of  an  ancestral  character,  actually  present,  though 
during  youth  completely  latent,  in  the  parent ;  and  this  we 
may  safely  conclude  is  what  ooours  in  all  reversions  to  pro- 
genitors, however  remote. 

This  view  of  the  latency  in  each  generation  of  all  the  cha- 
racters which  appear  through  reversion,  is  also  supported  by 
their  actual  presence  in  some  cases  during  early  youth  alone, 
or  by  their  more  frequent  appearance  and  greater  distinctness 
at  this  age  than  during  maturity.  We  have  seen  that  this  is 
often  the  case  with  the  stripes  on  the  legs  and  faces  of  the 
several  species  of  the  horse-genus.  The  Himalayan  rabbit, 
when  crossed,  sometimes  produces  offspring  whidi  revert  to 
the  parent  silver-grey  breed,  and  we  have  seen  that  in  purely 
bred  animals  pale-grey  fur  occasionally  reappears  during  early 
youth.  Black  cats,  we  may  feel  assured,  would  occasionally 
produce  by  reversion  tabbies ;  and  on  young  black  kittens, 
with  a  pedigree**  known  to  have  been  long  pure,  faint  traces 
of  stripes  may  almost  always  be  seen  which  afterwards  dis- 
appear. Hornless  Suffolk  cattle  occasionally  produce  by 
reversion  homed  animals ;  and  Youatt  *^  asserts  that  even  in 
hornless  individuals  '*  the  rudiment  of  a  horn  may  be  often 
felt  at  an  early  age.'' 

No  doubt  it  appears  at  first  sight  in  the  highest  degi-ee  im- 
probable that  in  every  horse  of  every  generation  there  should 

••  Carl  Vogt,  <  Laotores  on  Man,'  •'  «  On  Cattle,'  p.  17i. 

Kng.  tran«lat,  1864,  p.  411. 
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be  a  latent  capacity  and  teiidenoy  to  produce  stripes,  though 
these  may  not  appear  onoe  in  a  thousand  generations ;  that  in 
every  white,  black,  or  other  coloured  pigeon,  which  may  have 
transmitted  its  proper  ciblonr  during  centuries,  there  should 
be  a  latent  capacity  in  the  plumngo  to  become  blue  and  to  be 
marked  with  certain  characteristio  bars ;  that  in  every  child 
in  a  six-fingered  family  there  should  be  the  capacity  for  the 
production  of  an  additional  digit ;  and  so  in  o'her  cases'. 
Nevertheless,  there  is  no  more  inherent  improbabiliry  in  this 
being  the  case  than  in  a  useless  and  rudimentary  organ,  or  even 
in  only  a  tendency  to  the  production  of  a  rudimentary  organ, 
being  inherited  during  millions  of  generations,  as  is  well 
known  to  occur  with  a  multitude  of  organic  beings.  .  There  is 
no  more  inherent  improbability  in  each  domestic  pig,  during  a 
thousand  generations,  retaining  the  capacity  and  tendency  to 
develop  g^reat  tusks  under  fitting  conditions,  than  in  the  young 
calf  having  retained  for  an  indefinite  number  of  generations 
rudimentary  incisor  teeth,  which  never  i>rotrude  through  the 
gums. 

I  shall  give  at  the  end  of  the  next  chapter  a  summary  of  the 
three  preceding  chapters ;  but  as  isolated  and  striking  cases 
of  reversion  have  here  been  chiefly  insisted  on,  I  wish  to 
guard  the  reader  against  supposing  that  reversion  is  due  to 
some  rare  or  accidental  combination  of  circumstances.  AVhen 
a  character,  lost  during  hundreds  of  generations,  suddenly 
reappears,  no  doubt  some  such  oombination  must  occur ;  but 
reversions  to  the  immediately  pre6eding  generations  may  be 
constantly  observed,  at  least*  in  the  oflEspring  of  most  unions. 
This  has  been  universally  recognised  in  the  case  of  hybrids 
and  mongrels,  but  it  has  been  recognised  simply  from  the 
difiference  between  the  united  forms  rendering  the  resemblance 
of  the  offspring  to  their  grandparents  or  more  remote  pro* 
genitors  of  easy  detection.  Beversion  is  likewise  almost  in- 
variably the  rale,  as  Mr.  Sedgwick  has  shown,  with  certain 
diseases.  Hence  we  must  conclude  that  a  tendency  to  this 
peculiar  form  cf  transmission  is  an  integral  part  of  the 
general  law  of  inheritance. 

MaruirosUiea. — A  large  number  of  monstrous  growths  and 
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of  lesser  anomalies  are  admitted  by  every  one  to  be  due  to  an 
arrest  of  development,  that  is,  to  the  persistenoe  of  an  embry- 
onio  condition.  But  many  monstrosities  cannot  be  thus 
explained ;  for  parts  of  which  no  trade  can  be  detected  in  the 
embryo,  but  which  occur  in  other  members  of  the  same  class 
of  animals  occasionally  appear,  and  these  may  probably  with 
truth  be  attributed  to  reversion.  As,  however,  I  have  treated 
this  subject  as  fully  as  I  could  in  my '  Descent  of  Man ' 
(chap,  i.,  2nd  edit.),  I  will  not  here  recur  to  it. 

When  flowers  which  have  normally  an  irregular  structure  become 
regular  or  peloric,  the  chaDge  is  generally  looked  at  by  botanists  as 
a  return  to  the  primitive  state.  But  Dr.  Maxwell  Masters, "  who 
has  ably  discussed  this  subject,  remarks  that  when,  for  instance,  all 
tbe  sepals  of  a  TropiBolum  become  green  and  of  the  same  shape, 
instead  of  being  coloured  with  one  i)rolonged  into  a  spur,  or  when 
all  tiie  petals  of  a  Linaria  become  simple  and  regular,  such  cases 
may  bo  dae  merely  to  an  arrest  of  deyelopraent ;  for  in  these  flowers 
all  the  organs  during  their  earliest  condition  are  symmetrical,  and, 
if  arrested  at  this  stage  of  growth,  they  would  not  become  irregular. 
If,  rooreoYor,  the  arrest  were  to  take  place  at  a  still  earlier  period 
of  development,  the  result  would  be  a  simple  tuft  of  green  leaves ; 
and  no  one  probably  would  call  this  a  case  of  reveraon.  Br.  Masters 
designates  the  cases  flrst  alluded  to  as  regular  peloria ;  and  others, 
in  which  all  the  corresponding  parts  assume  a  similar  form  of 
irregularity,  as  when  all  tbe  petals  in  a  Linaria  become  spurred,  as 
irregular  peloria.  We  have  no  right  to  attribute  these  latter  cases 
to  reversion,  until  it  can  be  shown  that  the  parent-form,  for  instance, 
of  the  genus  Linaria  had  had  all  its  petals  spurred ;  for  a  chance  of 
this  nature  might  result  from  the  spreading  of  an  anomalous 
structure,  in  accordance  with  the  law,  to  be  discussed  in  a  future 
chapter,  of  homologous  jxirts  tending  to  vary  in  the  same  mainicr. 
But  OS  both  forms  of  peloria  frequently  occur  on  the  same  individual 
plant  of  the  Linaria,**  they  probably  stand  in  some  close  relation  to 
one  another.  On  the  doctrme  that  peloria  is  simply  the  result  of  an 
arrest  of  development,  it  is  difficult  to  understand  how  an  organ 
arrested  at  a  very  early  period  of  growth  should  acquire  its  full 
functional  perfection ;— how  a  petal,  supposed  to  be  thus  arrested 
should  acquire  its  brilliant  colours,  and  serve  as  an  envelope  to  the 
flower,  or  a  stamen  produce  efficient  pollen ;  yet  this  occurs  with 

••  <Natunl  HUt  Rovlow,'  April,  caMi,  SiUb.  U.  k.  Akad.  d.  WUsensch.  t 

t863,  p.  238.    See  eIm  hb  l^ture,  Wiea.  BJ.   LX.  aad  especially  Bd. 

Royal   lottitution,  March  16,  1800.  LXVI.,  1872,  p.  125. 
On  lame  subject,  m»  Moquio-Tandon,  -        <>*  Verlot,  *  Des  Varidt^'  1865,  p. 

<fiUmenU  de  T^ratologie,'  184i,  pp.  80  ;  Naudin,  'NouTelles  Archives  dii 

184,  952.    Dr,  PeyriUch  has  collected  Maa^um.*  torn.  I  p  137. 
-a  Urge  namber  of  rerj  interesting 
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many  peloric  flowers.  That  pelorism  is  not  due  to  mere  chance 
Tariabuity,  but  either  to  an  arrest  of  development  or  to  reversion, 
we  may  infer  from  an  observation  made  by  Ch.  Morren,^*  namely, 
that  families  which  have  irregular  flowers  often  "  return  by  these 
monstrous  growths  to  their  regular  form;  whilst  we  never  sec  a 
regular  flower  realise  the  structure  of  on  irregular  one." 

Some  flower?  have  almost  certainly  become  more  or  less  completely 
peloric  through  reversion,  as  the  following  interesting  case  showa 
Coryddlu  tuberoia  properly  has  one  of  its  two  nectanes  colourless, 
destitute  of  nectar,  only  half  the  size  of  the  other,  and  therefore,  to 
a  certain  extent,  in  a  rudimentary  state;  the  pistil  is  curved 
towards  the  perfect  nectary,  and  the  hood,  formed  of  the  inner 
petals,  slips  off  the  pistil  and  stamen  in  one  direction  alone,  so  that, 
when  a  bee  sucks  the  perfect  nectary,  the  stigma  and  stamens  are 
exposed  and  rubbed  against  the  insect's  booy.  In  several  closely 
allied  genera,  as  in  Dielytra,  Ac,  there  are  two  perfect  nectaries, 
the  pistil  is  straight,  and  the  hood  slips  off  on  either  side,  accord- 
ing as  the  bee  sucks  either  nectary.  Mow,  I  have  examined  several 
flowers  of  Corydulis  tuherosa,  in  which  both  nectaries  were  equally 
developed  and  contained  nectar ;  in  this  we  see  only  the  redevelop- 
ment of  a  partially  aborted  organ :  but  with  this  reacvelopment  the 
pistil  becomes  straight,  and  the  nood  slips  off  in  either  direction , 
so  that  those  flowers  have  acquired  the  perfect  structure,  so  well 
adapted  for  insect  agency,  of  Dielytra  and  its  allies.  We  cannot 
attribute  these  coadapted  modiflcations  to  chance,  or  to  correlated 
variability;  we  must  attribute  them  to  reversion  to  a  primordial 
condition  of  the  species. 

The  pelorio  flowers  of  Pelargonium  have  their  five  petals  in  all 
respects  alike,  and  there  is  no  nectary :  so  that  they  resemble  the 
symmetrical  flowers  of  the  closely  allied  genus  Geranium ;  but  the 
alternate  stamens  are  also  sometimes  destitute  of  anthers,  the 
shortened  filaments  being  left  as  rudiments,  and  in  this  respect 
they  resemble  the  symmetrical  flowers  of  the  closely  allied  genus 
Erodium.  Hence  we  may  look  at  the  peloric  flowers  of  Pelargo- 
nium as  having  reverted  to  the  state  of  some  primordial  form,  the 
progenitor  of  the  three  closely  related  genera  of  Pelargonitun, 
Geranium,  and  Erodium. 

In  the  peloric  form  of  Antirrhinum  majus,  appropriately  called 
the  "  Wonder"  the  tubular  and  elongated  flowers  differ  wonderfully 
from  those  of  the  common  snapdragon ;  the  calyx  and  the  mouth 
of  the  corolla  consist  of  six  equal  lobes,  and  include  six  equal  instead 
of  four  unequal  stamens.  One  of  the  two  additional  stamens  is 
manifestly  formed  bv  the  development  of  a  microscopically  minute 
papilla,  which  may  be  found  at  the  base  of  the  upper  lip  of  the 
flower  of  the  common  snapdragons  in  the  nineteen  plants  examined 


**  la  his  discussion  on  pome  cnriMU       nal  of  Horticulture,'  Feb.  24,  1863, 
pdorio  Calceolarias,  quoted  in  *  Jour-      p.  152. 
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by  me.  That  this  papilla  is  a  mdimont  of  a  stainen  was  well  shown 
by  its  Tarious  degrees  of  development  in  crossed  plants  between  the 
common  and  the  pelorio  Antirrhinnm.  Again,  a  pelorio  Oaleob' 
ddonluteum,  growing  in  my  garden,  had  five  eqnal  petals,  aft  striped 
like  the  ordinary  lower  lip,  and  included  five  equal  instead  of  four 
unequal  stamens;  but  Mr.  R.  Keeley,  who  sent  me  this  plant, 
informs  me  that  the  flowers  vary  greatly,  having  from  four  to  six 
lobes  to  the  corolla,  and  from  three  to  six  stamena.^^  Now,  as  the 
members  of  the  two  gpreat  families  to  which  the  Antirrhinum  and 
Qaleobdolon  belong  are  properly  pentamerous,  with  some  of  the 
parU  confluent  and  others  suppressed,  we  ought  not  to  look  at  the 
sixth  stamen  and  the  sixth  lobe  to  the  corolla  in  either  case  as  due 
to  reversion,  any  more  than  the  additional  petals  in  double  flowers 
in  these  same  two  families.  But  the  case  is  different  with  the  fifth 
stamen  in  the  pelorio  Antirrhinum,  which  is  produced  bv  the 
redevelopment  of  a  rudiment  always  present,  and  which  probably 
reveals  to  us  the  state  of  the  fiower,  as  for  as  the  stamens  are  con- 
cerned, at  some  ancient  epoch.  It  is  also  difficult  to  believe  that 
the  other  four  stamens  and  the  petals,  after  an  arrest  of  develop- 
ment at  a  very  early  embryonic  age,  would  havis  come  to  full 
perfection  in  colour,  structure,  and  function,  unless  these  orgnns 
had  at  some  former  period  normally  passed  tlirotigh  a  similar  course 
of  growth.  Hence  it  appears  to  me  probable  that  the  progenitor  of 
the  genus  Antirrhinum  must  at  some  remote  epoch  have  include<l 
five  stamens  and  borne  flowers  in  some  degree  resembling  those  now 
produced  by  the  pelorio  form.  The  conclusion  that  peloria  is  not 
a  mere  monsbrasity,  irrespective  of  any  former  state  of  tlie  species, 
is  supported  by  the  faot  that  this  structure  is  often  strongly  in- 
heritea,  as  in  the  case  of  the  pelorio  Antirrhinum  and  Gloxinia  and 
sometimes  in  that  of  the' pelorio  Corydalis  tolida,''* 

Lastly  I  may  add  that  many  instances  have  been  recorded  of 
flowers,  not  generally  considered  as  pelorio,  in  which  certain 
organs  axe  abnormallv  augmented  in  number.  As  an  iu crease 
of  parts  cannot  be  looked  at  as  an  arrest  of  development,  nor  as  due 
to  the  redevelopment  of  rudiments,  for  no  rudiments  are  present, 
and  as  these  additional  parts  bring  the  plant  into  closer  relationship 
with  its  natural  allies,  they  ought  probably  to  be  viewed  as  rever- 
sions to  a  primordial  condition. 

These  several  facts  show  us  in  an  interesting  manner  how 
intimately  certain  abnormal  states  are  connected  together; 
namely,  arrests  of  development  causing  parts  to  become  rudi- 
mentary or  to  be  wholly  suppressed, — the  rodovolopinent  oi 

''  For  other  cases  of  six  dirisions  "  Godron,    reprinted    (yom     the 

In  pelorio  flowers  of  the  Labiate  and  '  M^moires  de  I'Acad.  de  StaaisU«,' 

Scrophalariaceae,  sm  Ifoquin-Tandon,  1868. 
«Ttfratologie/p.  1»2. 


Ghap.  xtti.  beversion.  '  35 

parts  now  in  a  more  or  less  rudimentary  condition, — the  re- 
appearance of  organs  of  which  not  a  vestige  can  be  detepted, 
— and  to  these  may  be  added,  in  the  case  of  animals,*  the 
presence  during  youth,  and  subsequent  disappearance,  of  cer- 
tain characters  which  occasionally  are  retained  throughout 
life.  Some  naturalists  look  at  all  such  abnormal  structures  as 
a  return  to  the  ideal  state  of  the  group  to  which  the  affected 
being  belongs ;  but  it  is  difficult  to  conceive  what  is  meant  to 
be  conveyed  by  this  expression.  Other  naturalists  maintain, 
with  greater  probability  and  distinctness  of  view,  that  the 
common  bond  of  connection  between  the  several  foregoing 
cases  is  an  actual,  though  paj^l,  return  to  the  structure  of 
the  ancient  progenitor  of  the  group.  If  this  view  be  correct, 
we  must  believe  that  a  vast  number  of  characters,  capable  of 
evolution,  lie  hidden  in  every  organic  being.  But  it  would 
be  a  mistake  to  suppose  that  the  number  is  equally  great  in 
all  beings.  We  know,  for  instance,  that  plants  of  many 
orders  occasionally  become  peloric ;  but  many  more  cases  have 
been  observed  in  the  Labiatn  and  Scrophulariaceas  than  in 
any  other  order ;  and  in  one  genus  of  the  Scrophulariacesd, 
namely  Linaria,  no  less  than  thirteen  species  have  been  de- 
scribed in  this  oondition.^^  On  this  view  of  the  nature  of 
peloric  flowers,  and  bearing  in  mind  certain  monstrosities  in 
the  animal  kingdom,  we  must  conclude  that  the  progenitors  of 
most  plants  and  animals  have  left  an  impression,  capable  of 
redevelopment,  on  the  germs'  of  their  descendants,  although 
these  have  since  been  profoundly  modified. 

The  fertilised  germ  of  one  of  the  higher  animals,  subjected 
as  it  is  to  so  vast  a  series  of  changes  from  the  germinal  cell  to 
old  age, — incessantly  agitated  by  what  Quatrefages  well  calls 
the  tourbillon  vital, — is  perhaps  the  most  wonderful  object  in 
nature.  It  is  probable  that  hardly  a  change  of  any  kind 
affects  either  parent,  without  some  mark  being  left  on  the 
germ.  But  on  the  doctrine  of  reversion,  as  given  in  this 
chapter,  the  germ  becomes  a  far  more  marvellous  object,  for, 
besides  the  visible  changes  which  it  undergoes,  we  must 

'•  MoqniB-Tandon,  *  TtfratologU,'  p.  ISA. 
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believe  that  it  is  crowded  with  invisible  characters,  proper  ic 
both  sexes,  to  both  the  right  and  left  side  of  the  body,  and 
to  a  long  line  of  male  and  female  ancestors  separated  bv 
hundreds  or  even  thousands  of  generations  from  the  present 
time :  and  these  characters,  like  those  written  on  paper  with 
invisible  ink,  lie  ready  to  be  evolved  whenever  the  organisa- 
tion is  disturbed  by  certain  known  or  unknown  conditions. 
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INIlKlllTANCE    continued — FIXEDNESS    OF    OHARACTER — ^PREPOTENOT 
— SEXUAL  LIMITATION— OORBESPONDENGB  OF  AGSl 

rrXKDHEBS  or  OHABACTEB  AFPARBNTLT  not  DT7B  TO.ANTIQmTT  OF  IHHBBI* 
TANGB— PBBFOTBNOT  or  TBANSMIflBIUN  IN  INDIT)DUALS  Or  TBI  (UUiB 
FAXILT,  ZH  OBOSBKD  BBEEM  AND  SFSOIBB;  OVTBN  8TB0V0BB  IN  OITB 
8BZ    THAN    THB    OTRBR ;  :  BOlfBTIiaB    DUN    TO    TEN   SAMB    OHAXAOTBB 

BUNQ  FBannrr  and  tibiblb  in  onn  bbbbd  and  latsnt  in  tub  othbb^ 

— ^INHElUTANCai  AB  LIMITBD  BT  8BX— NBWLT-A0Q17IBBI>  CHABAGTBB8  IN 
OXJB  DOMBBTIOATBD  ABIMALS  OrTBN  TRAN8MITTBD  BT  ONB  SEX  ALONB, 
80MBTIMB8  LOST  BT  OBB  8BX  ALONB-rlNHBBITANGB  AT  OOBBBBFONDINO 
PBBI006  or  LDTB— THB  UfPOBTAB(»  Or  THB  FBINOIPLB  WITq  BB8PB0T. 
TO  BUBBTOLOOT;  AB  BZmBITED  '  in  DOMBBTIOATBD  ANDf  AL8  .*  AS 
BXHIBITED  IN  THB  AFFBARANOB  AND  DISAFFBABANOB  Or  INUBBITED 
DIBBASBS;  80MBTIMBS  SUFEByBBINO  EABUBB  IN.  THB  CHILD  THAN  IN 
IBB  FABEBT— SUMICABT  or  THB  THRBB  FRBOBDINO  OHAPTBfiS. 

In  the  last  two  chapters  the  natui'e  and  force  of  Inheritance, 
the  ciroainstanGes  which  interfere  with  its  ..power,  and.  the 
tendency  to  Reversion,  with,  its  many  remarkable  contingen- 
cies, were  discussed.     In  the  present  chapter  some  other 
related  phenomena  will  be  treated  of,  as  fully  as  my  materials 
permit.  «    .  ,  .  •    .      ..  i  ......  . 

.FisDeiMS9. of  Character, 

It  is  a  general  belief  amongst  breeders  that  the  longer  any 
character  has  been  triansmitted  by  a  breed,  the  more  fully  it 
will  continue  to  be  transmitted.  I  do  not  wish  to  dispute  the 
truth  of  the  proposition  that  inheritance  gains  strength 
simply  through'  long  continuance,  but  I  doubt  whether  it  can 
be  proved.  In  one  sense  the  proposition  is  little  better  than 
a  truism ;  if  any  character  has  remained  constant  during  many 
generations,  it.wiU  be  likely  to  continue  so,  if  the  conditions 
of  life  remain  the  same.  So,  again,  in  improving  a  breed,  if 
care  be  taken  for  a  length  of  time  to  exclude  aU  inferior 
individuals,  the  breed  will  obviously  tend  to  become  truer, 
AS  it  will  not  have  been  crossed  during  many  generations  by 
an  inferior  animal.    We  have  previously  seen,  but  without 
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being  able  to  assign  any  cause,  that,  when  a  new  chaiacter 
appears,  it  is  oocasionally  from  the  first  constant,  or  fluctnatos 
much,  or  wholly  fails  to  be  transmitted.  So  it  is  with  the 
Aggi^gftte  of  slight  differences  which  characterise  a  new 
Tariety,  for  some  propagate  their  kind  from  the  first  much 
truer  than  others.  Even  with  plants  multiplied  by  bulbs, 
layers,  &a,  which  may  in  one  sense  be  said  to  form  parts  of 
the  same  individual,  it  is  well  known  that  certain  varieties 
retain  and  transmit  through  successive  bud-gonorations  their 
newly-acquired  characters  more  truly  than  others.  In  none 
of  these,  nor  in  the  following  cases,  docs  there  appear  to  bo 
any  relation  between  the  force  with  which  a  character  is 
transmitted  and  the  length  of  time  during  which  it  has  been 
transmitted.  Some  varieties,  such  as  white  and  yellow  hya- 
cinths and  white  sweet-peas,  transmit  their  colours  more 
faithfully  than  do  the  varieties  which  have  retained  their 
natural  colour.  In  the  Irish  family,  mentioned  in  the  twelfth 
chapter,  the  peculiar  tortoiseshell-like  colouring  of  the  eyes 
was  transmitted  far  more  faithfully  than  any  ordinary  colour. 
Ancon  and  Mauchamp  sheep  and  niata  cattle,  which  are  all 
comparatively  modem  breeds,  exhibit  remarkably  strong 
powers  of  inheritance.  Many  similar  cases  could  be  adduced. 
As  all  domesticated  animals  and  cultivated  plants  have 
varied,  and  yet  are  descended  from  aboriginally  wild  forms, 
which  no  doubt  had  retained  the  same  character  from  an 
immensely  remote  epoch,  we  see  that  scarcely  any  degree  of 
antiquity  ensures  a  character  being  transmitted  perfectly 
true.  In  this  case,  however,  it  may  be  said  that  changed 
oonditions  of  life  induce  certain  modifications,  and  not  that 
the  power  of  inheritance  fails ;  but  in  every  case  of  failure, 
some  cause,  either  internal  or  external,  must  interfere.  It 
will  generally  be  found  that  the  organs  or  parts  which  in 
our  domesticated  productions  have  varied,  or  which  still 
continue  to  vary, — that  is,  which  fail  to  retain  their  formei 
state, — are  the  same  with  the  parts  which  differ  in  the  natural 
species  of  the  same  genus.  As,  on  the  theory  of  descent  with 
modification,  the  species  of  the  same  genus  have  been  modified 
since  they  branched  off  from  a  common  progenitor,  it  follows 
that  the  charaoteni  by  which  they  differ  from  one  anothei 
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have  varied,  whilst  other  parts  of  the  organisation  have  re- 
mained nnohanged ;  and  it  might  be  argued  that  these  same 
oharacters  now  vary  under  domestication,  or  fail  to  be  in- 
herited, from  their  lesser  antiquity.  But  variation  in  a  state 
of  nature  seems  to  stand  in  some  close  relation  with  changed 
conditions  of  life,  and  characters  which  have  already  varied 
under  such  conditions  would  be  apt  to  vary  under  the  still 
greater  changes  consequent  on  domestication,  independently 
of  their  greater  or  less  antiquity. 

Fixedness  of  character,  or  the  strength  of  inheritance,  has 
often  been  judged  of  by  the  preponderance  of  certain  charac- 
ters in  the  crossed  ofiEspring  between  distinct  races;  but 
pro[)otcncy  of  transmission  hero  comes  into  play,  and  this,  as 
wo  shall  immediately  see,  is  a  very  different  consideration 
from  the  strength  or  weakness  of  inheritance.^  It  has  often 
been  observed  that  breeds  of  animals  inhabiting  wild  and 
mountainous  countries  cannot  be  permanently  modified  by 
our  improved  breeds;  and  as  these  latter  are  of  modem 
origin,  it  has  been  thought  that  the  greater  antiquity  of  the 
wilder  breeds  has  been  the  cause  of  their  resistance  to  im- 
provement by  crossing ;  but  it  is  more  probably  due  to  tlieix 
structure  and  constitution  being  better  adapted  to  the  sur- 
rounding conditions.  When  plants  are  first  subjected  to 
culture,  it  has  been  found  that,  during  several  generations, 
they  transmit  their  characters  truly,  that  is,  do  not  vary,  and 
this  has  been  attributed  to  ancient  characters  being  strongly 
inherited :  but  it  may  with  equal  or  greater  probability  be 
consequent  on  changed  conditions  of  life  requiring  a  long 
time  for  their  cumulative  action.  Notwithstanding  these 
considerations,  it  would  perhaps  be  rash  to  deny  that  charac- 
ters become  more  strongly  fixed  the  longer  they  are  trans- 
mitted ;  but  I  believe  that  tlio  proposition  resolves  itself  into 
this, — that  characters  of  all  kinds,  whether  new  or  old,  tend 
to  be  inherited,  and  that  those  which  huve  already  withstood 
all  counteracting  influences  and  been  truly  transmitted,  will, 
as  a  general  rule,  continue  to  withstand  them,  and  conse- 
quently be  faithfully  inherited. 

^  Bm  Tonatt  on  Cattle,  pp.  92,  69,      p.  825.     Also  Dr.  Lncaa,  '  VEMA 
78,  88,  163 ;  and  Tonatt  on  Shiep»      Nat.,'  tom.  ii.  p.  SIO. 
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'     Pre^poteney  in  the  Transmtuion  of  Character, 

When  individuals,  1:)6longing  to  the  same  family,  bui 
distinct  enough  to  be  recognised,  or  when  two  well-marked 
races,  or  two  species,  are  crossed,  the  usual  result,  as  stated 
in  the  previous  chapter,  is,  that  the  offspring  in  the  first 
generation  are  intermediate  between  their  parents,  or  resemble* 
one  parent  in  one  part  and  the  other  parent  in  another  part. 
But  this  is  by  no  means  the  invariable  rule ;  for  in  many 
cases  it  is  found  that  certain  individuals,  races,  and  species, 
are  prepotent  in  transmitting  their  likeness.  This  subject 
has  been  ably  discussed  by  Prosper  Lucas,^  but  is  rendered 
extremely  complex  by  the  prepotency  sometimes  nmning 
equally  in  both  sexes,  and  sometimes  more  strongly  in  one 
sex  than  in  the  other;  it  is  likewise  complicated  by  the 
presence  of  secondary  sexual  characters,  which  render  the 
comparison  of  crossed  breeds  with  their  pai-ents  difficult. 

It  would  appear  that  in  certain  families  some  one  ancestor, 
and  after  him  others  in  the  same  family,  have  had  great 
power  in  transmitting  their  likeness  through  the  male  line ; 
for  we  cannot  otherwise  understand  how  the  same  features 
should  so  often  be  transmitted  after  marriages  vdth  many 
females,  as  in  the  case  of  the  Austrian  Emperors ;  and  so  it  was, 
according  to  Kiobuhr,  with  the  mental  qualities  of  certain 
Boman  families.'  The  famous  bull  Favourite  is  believed^ 
to  have  had  a  prepotent  influence  on  the  short-horn  race.  It 
has  also  been  observed  '  with  English  race-horses  that  certain 
mares  have  generally  transmitted  their  own  character,  whilst 
other  mares  of  equally  pure  blood  have  allowed  the  character 
of  the  sire  to  prevail.  A  famous  black  greyhound,  Bedlamite, 
as  I  hear  from  Mr.  C.  M.  Brown  "  invariably  got  all  his 
*'  puppies  black,  no  matter  what  was  the  colour  of  tlie  bitch  ;" 
but  then  Bedlamite  "  had  a  preponderance  of  black  in  his 
"  blood,  both  on  the  sire  and  dam  side.'* 

*  'UiHd.  Nat.,'  torn.  ii.  pp.  112-       270. 

120.  *  Mr.  N.  H.  Smith,  <  Obserratioiu 

*  Sir    H.  Holland,  *  Chapters    on      on  Breeding,*  quoted  in  *  Enojdop.  oi 
IfenUl  PhTsiology,'  1852,  p.  234.  Rural  Sporte,'  p.  27a 

«  *  Gardener'f  Chronicle,'  1860^  p. 
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The  truth  of  the  jxrinciple  of  prepotency  comes  oat  more  dearly 
when  diBtinct  races  are  crossed.  The  improyed  Short-homSi  not- 
withstanding that  the  breed  is  comparatiyely  modem,  are  generally 
acknowledge!  to  possess  great  jjower  in  impressing  their  likeness 
on  all  othfflr  breeos ;  and  it  is  chiefly  In  consequence  of  this  power 
that  they  are  so  highly  valued  for  exportation.*  Godine  has  given 
a  curious  case  of  a  ram  of  a  goat-hlce  breed  of  sheep  from  the  Cape 
of  Good  Hope,  which  produced  offspring  hardly  to  do  distinguished 
from  himself,  when  crossed  with  ewes  of  twelve  other  breeds.  But 
two  of  these  half-bred  ewes,  when  put  to  a  merino  ram,  produced 
lambs  closely  resembling  the  merino  oreed.  Giiou  de  Buzareingues^ 
found  that  of  two  races  of  I^ench  sheep  the  ewes  of  one,  when 
crossed  during  successive  generations  with  merino  rams,  yielded 
up  their  character  far  sooner  than  the  ewes  of  the  other  race. 
Sturm  and  Giruu  have  given  analogous  cases  with  other  breeds  of 
sheep  and  with  cattle,  the  prepotency  running  in  these  cases 
through  the  male  side ;  but  I  was  assured  on  good  authority  in 
South  America,  that  when  niata  cattle  are  croeeed  with  common 
cattle,  though  the  niata  breed  is  prepotent  whether  males  or  females 
are  used,  yet  that  the  prepotency  is  strongest  through  the  female 
line.  The  Manx  cat  is  tailless  and  has  long  hind  legs ;  Dr.  Wilson 
crossed  a  male  Manx  with  common  cats,  and,  out  of  twenty-three 
kittens,  seventeen  were  destitute  of  tails;  but  when  the  female 
Manx  was  crossed  by  common  male  oats  all  the  kittens  had  tails,' 
though  th^y  were  generally  short  and  imperfect.' 

In  making  reciprocal  crosses  between  pouter  and  fantail  pigeons, 
the  pouter-zaoe  seemed  to  be  prepotent  through  both  sexes  over 
the  umtaiL  But  this  is  probably  due  to  weak  power  in  the  fantail 
rather  than  to  any  unusually  strong  power  in  the  pouter,  for  I  have 
observed  that  barbs  also  preponderate  over  fantails.  This  weak- 
ness of  transmission  in  the  fantail,  though  the  breed  is  an  andent 
one,  is  said*  to  be  general;  but  I  have  observed  one  exception  to 
the  rule,  namely,  in  a  cross  between  a  fantail  and  laugher.  The 
most  curious  instance  known  to  me  of  weak  power  in  both  sexes  is 
in  the  trumpeter  pigeon.  This  breed  has  been  well  known  for  at 
least  ISO  years :  it  breeds  perfectly  true,  as  I  have  been  assured  by 
those  who  have  long  kept  many  birds :  it  is  characterised  by  a 
peculiar  tuft  of  feathers  over  the  beak,  by  a  crest  on  the  h«td,  by 
a  singular  coo  quite  unlike  that  of  any  o&er  breed,  and  by  much- 
feathered  feet  I  have  crossed  both  sexes  with  turbits  of  two  sub- 
breeds,  with  almond  tumblers,  spots,  and  runts,  and  reared  many 
mongrels  and  recrossed  them ;  and  though  the  crest  on  the  head 


'Quoted    by  Bronn,  'Geschichte  p.  112. 

der  Nator/  b.  ii.  s.  170.    See  Sturm,  *  Mr.  Orton,  'Phjsiology  of  Brecd- 

'Uebmr   Bacen,'    1825,   s.  104-107.  ing/ 1855,  p.  9. 

For  the  niata  cattle,  cm  mj  *  Journal  *  Boitard  and  Corbi^  'Les  Pigeoni,' 

of  Researches,'  1845,  p.  146.  1824,  p.  224. 

'  Lucas,  ^VRiMiU  Nat.,'  torn.  ii. 
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and  feathered  feet  were  inherited  (as  is  generally  the  case  with 
most  breeds)^  1  have  ne^er  seen  a  vestige  of  the  tuft  oyer  the  beak 
or  heard  the  peculiar  coo.  Boitard  and  Corbi^  ^  assert  that  this  is 
the  inyariable  result  of  crossing  trumpeters  with  other  breeds: 
Neumeister,"  however,  states  that  in  Germany  mongrels  hare  been 
obtained,  though  very  rarely,  which  were  furnished  with  the  tuft 
and  would  trumpet:  but  a  pair  of  these  mongrels  with  a  tuft, 
which  I  importea,  never  trumpeted.  Mr.  Brent  states"  that  the 
crossed  ofbpring  of  a  trumpeter  were  crossed  with  trumpeters  for 
three  generations,  by  which  time  the  mongrels  had  7-8ths  of  this 
blood  in  tiieir  veins,  yet  the  tuft  over  the  beak  did  not  appear.  At 
the  fourth  generation  the  tuft  appeared,  but  the  birds  though  now 
having  15-l6ths  trumpeter's  blood  still  did  not  trumpet.  This 
case  well  shows  the  wide  difference  between  inheritance  and  pre- 
potency; for  here  we  have  a  well-established  old  race  which 
transmits  its  characters  fiiithfully,  but  which,  when  crossed  with 
any  other  race,  has  the  feeblest  power  of  transmitting  its  two  chief 
characteristic  qualities. 

I  will  give  one  other  instance  with  fowls  and  piseons  of  weakness 
and  strength  in  the  transmission  of  the  same  character  to  their 
crossed  offspring.  The  Silk-fowl  breeds  true,  and  there  is  reason 
to  believe  is  a  very  ancient  race ;  but  when  I  reared  a  krge  number 
of  mongrels  from  a  Silk-hen  by  a  Spanish  cock,  not  one  exhibited 
oven  a  trace  of  the  B€hcallcd  silkiness.  Mr.  Hewitt  also  asserts  that 
in  no  instance  are  the  siU^  feathers  transmitted  by  this  breed  when 
crossed  with  any  other  variety.  But  three  birds  out  of  nuuiy  raised 
by  Mr.  Orton  from  a  cross  between  a  silk-cock  and  a  bantam-hen 
had  silky  feathers."  So  that  it  is  certain  that  this  breed  very 
seldom  has  the  power  of  transmitting  its  peculiar  plumage  to  its 
crossed  progeny.  On  the  other  handf,  there  is  a  silk  sub- variety 
of  the  fantail  pigeon,  which  has  its  feathers  in  nearly  the  same 
state  as  in  the  Silk-fowl :  now.  we  have  already  seen  that  fantails, 
when  crossed,  possess  singularly  weak  power  in  transmitting  their 
general  qualities ;  but  the  silk  sub-variety  when  crossed  with 
any  other  small-sized  race  invariably  transmits  its  silky  feathers  I  ^* 

The  well-known  horticulturist,  Mr.  Paul,  informs  me  that  he 
fertilised  the  Black  Prince  hollyhock  with  pollen  of  the  White 
Globe  and  the  Lemonade  and  Black  Prince  hollyhocks  reciprocally; 
but  not  one  seedling  from  these  three  crosses  inherited  the  black 
colour  of  the  Black  Prince.  So,  again,  Mr.  Laxton,  who  has  had 
such  great  experience  in  crossing  peas,  writes  to  me  that  '*  when- 
"  ever  a  cross  has  been  effected  between  a  white-blossomed  and  a 
*'  purple-blossomed  pea,  or  between  a  whito-soedod  and  a  purplo- 
''*  spotted,  brown  or  maple-seeded  pea,  the  offspring  seems  to  lose 


>•  <  Lm  Pigeons,'  pp.  168,  198.  Mr.  Hewitt,  in  «The  Poultry  Book, 

"  'Das  Oanxe,'  &c,  1837,  s.  39.  by  Tegetmeier,  1866,  p.  224. 
>«  <  Tlie  Pigeon  Book,'  p.  46.  >«  BoiUrd  and  Corbi^  *Lm  Pigeons, 

»  <  Physiology  of  Breeding,'  p.  22 ;  1824,  p.  226. 
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nearly  all  the  characteristics  of  the  white-flovered  and  white* 
seeded  yarieties;  and  this  xesnlt  follows  whether  these  yanetiee 
haye  been  used  as  the  pollen-bearing  or  seed-producing  parents." 
The  law  of  prepotency  comes  into  action  when  species  are  crossed, 
as  with  races  and  individuals.  G&rtner  has  unequiTocally  shown  " 
that  this  is  the  case  with  plants.  To  giye  one  instance:  when 
Niootxana  panicidata  and  vincaflora  are  crossed,  the  character  of 
Nn  panieuuUa  is  almost  completely  lost  in  the  hybrid;  but  if  N. 
queuirivcUvis  bo  crossed  with  JV.  vinooBflora,  this  latter  species, 
which  was  before  so  prepotent,  now  in  its  turn  almost  disappears 
under  the  power  of  If.  quadrivalvU.  It  is  remarkable  that  the 
prepotency  of  one  species  over  another  in  transmission  is  qvdie  in- 
ae|)endent^  as  shown  by  Glartner,  of  the  greater  or  less  facility  with 
wmoh  the  one  fertilises  the  other. 

With  animals,  the  jackal  is  prepotent  oyer  the  dog,  as  is  stated 
by  Flourens,  who  made  many  crosses  between  these  animals ;  and 
this  was  likewise  the  case  with  a  hybrid  which  I  once  saw  between 
a  jackal  and  a  terrier.  I  cannot  doubt,  from  the  observations  of 
Colin  and  others,  that  the  ass  is  prepotent  over  the  horse ;  the  pre- 
potency in  this  instance  running  more  strongly  through  the  male 
than  through  the  female  ass;  so  that  the  mule  resembles  the  ass 
more  closely  than  does  the  hinny.**  The  male  pheasant,  judging 
from  Mr.  Hewitt's  descriptions,^^  and  from  the  hybrids  which  I 
have  seen,  preponderates  oyer  the  domestic  fowl ;  but  the  latter,  as 
&r  as  colour  is  concerned,  has  considerable  power  of  transmission, 


"  'Basiardenengnngy's.  256,  290, 
Ifc  Naadin  ('  Koayellei  Archires  du 
Mus^am,'  torn.  i.  p.  149}  gires  a 
striking  instance  of  prepotency  in 
J)atwra  stramonium  wlien  crossed  witli 
two  other  species. 

>*  Floarens,  '  Long^ritd  Humaine,' 
p.  144,  on  crossed  jaclcals.  With 
respect  to  the  difference  between  tlie 
male  and  tlie  hinny,  I  am  aware  tliat 
this  has  generally  been  attributed  to 
the  sire  and  dam  transmitting  their 
characters  differently;  but  Colin, 
who  has  given  in  hb  "Traits  Phys. 
Comp.,'  torn.  ii.  pp.  587-589,  the 
fullest  description  which  I  have  met 
with  of  these  reciprocal  hybrids,  is 
strongly  of  opinion  that  the  ass  pre- 
ponderates in  both  crosses,  but  in  an 
unequal  degree.  This  is  likewise  the 
conclusion  of  Flourens,  and  of  fiech- 
stein  in  his  *  Naturgesehichte  Deutsch* 
lands,'  b.  i.  s.  294.  The  Uil  of  the 
binny  is  much  more  like  that  of  the 
hone  than  is  the  tail  of  the  mole, 


and  this  is  generally  accounted  for 
by  the  males  of  both  species  trans- 
mitting with  greater  power  this  part 
of  their  structure;  but  a  compound 
hybrid  which  I  saw  in  the  Zoological 
Gardens,  Arom  a  mare  by  a  hybrid 
ass-xebra,  closely  resembled  its  mother 
in  its  taiL 

"  Mr.  Hewitt,  who  has  had  such 
great  experience  in  raising  these 
hvbridfl,  says  ('Poultry  Bw>k,'  by 
Mr.  Tegetmeier,  1806,  pp.  1 65-167) 
that  in  all,  the  head  was  destitute  of 
wattles,  comb,  and  ear-lappets;  and 
all  closely  resembled  the  pheasant  in 
the  shape  of  the  tail  and  general  con- 
tour of  th«  body.  These  hybrids 
were  raised  from  hens  of  seyeral 
breeds  by  a  cock-pheasant;  but 
another  hybrid,  described  by  Mr. 
Hewitt,  was  raised  from  a  hen- 
pheasant,  by  a  silver-laced  Bantam 
cock,  and  this  possessed  a  rudimenta) 
oomb  and  wattles. 
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for  hybrids  raised  from  fiye  differentlT  coloured  hens  differed 
greatly  in  plumage.  I  formerly  examined  some  curious  hybrids  in 
the  Zoological  Gkurdens,  between  the  Penguin  yariety  of  the  com- 
mon duck  and  the  E^Q^tian  goose  (AnAer  cegypti<icw) ;  and  al- 
though I  will  not  aasert  that  the  domesticated  variety  prepon- 
derated over  the  natural  species,  yet  it  had  strongly  impressed  its 
unnatural  upright  figure  on  these  hybrids. 

I  axti.aware.  that  such  cases  as  the  foregoing  haye  been  ascribed 
by  yarious.  auUiorSi  not  to  one  species^  race,  or  individual  beine 
prepotent  oyer. the  other  in. impressing  its  character  on  its  crossed 
offspring,  but  to  such  rules  as  that  the  father  influences  the  ex- 
termd  characters  and  the  mother  the  internal  or  yital  organs.  But 
the  great  diyeisity  of  the  rules  giyeii  by  yarious  authors  almost 
proyes  their  falseness.  Dr.  Prosper  Lucas  has  fully  discussed  this 
point,  and  has.  shown  "that  none. of.  the  rules  (and  I  could  add 
others  to  those  quoted  by  him)  apply  to  all  animals.  Similar  rules 
haye  been  announced  for  plants,  and  have  been  proyed  by  Q&rtner  ^ 
to  be  fdl  erroneous.,  u  If.  we  confine  our  yiew  to  the  domesticated 
races  of  a  single  species,  or  perhaps  eyen  to  the  species  of  the- same 
f&avLB,  some  such  rules  may  hold  £ood;  for  instance,  it  seems  that 
m  reciprocally  crossing  .yarious  breeds  of  fowls  the  male  generally 
giyes  colour ;  ^  but  conspicuous  exceptions  haVe  passed  under  my 
own  eyes.  It. seems  that  the  ram  usually  giyes  its  peculiar  horns 
and  fleece  to  its  crossed  oflSspring,  and  the  bull  the  presence  or 
absence  of  horns. . 

Jn  the  following  chapter  on  Grossing  I  shall  haye  occasion  to 
show  tluit  certain  characters  are  rarely  or  neyer  blended  by  cross- 
ing, but  are  transmitted  in  an  unmodified  state  from  either  parentr 
form  ;<  I, refer  to  this  fact  l^o^o  because  it  is  sometimes  accompanied 
pn  the, one ^ side.. by  .prepotency,  which  thus  acquires  the  false 
appearance  of  unusual  strength.  .  In. the  same  chapter  I  shall 
3how.  that  the.  rate  at  which,  a  species  or  breed  absorbs  and  ob- 
literates another  by  repeated  crosses,  depends  in  chief  part  on 
prepotency  in  traniiiissfon. 

...  .,.•■..•. 

•    "       •  .  ■  ...  •  i  « 

In  bon'clusibn,  soraie  of  the  cases  aboye  given, — for  instance, 
that  of  the  trumpeter  pigeon, — prove  that  there  is  a  wide 
difference  between  mere  inheritence  and  prepotency.  This 
latter  power  seems  to  us,  in  our  ignorance,  to  act  in  most  cases 
quite  capriciously.  The  very  same  oharaoter,  even  though 
it  be '  an  abnormal  or  monstrous  one,  such  as  silky  feathers, 
may  be  transmitted  by  different  speoies,  when  crossed,  either 
with  prepotent  force  or  singular  feebleness.    It  is  obvious, 

>•  *  VUkM.  Nat/  torn.  ii.  book  ii.  Masiam,'  torn.  I.  p.  148)  hat  arrirtd 

eh.  i.  at  a  similar  ooncliuion. 

i*  <  Baitardtnaagnng,' a.  364-266.  >•  <Cottagt  Oaidanar,*   1856,  pp 

Kaodiii    (*  NouTallas    ArchiTas    da  101, 137. 
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that  a  purely-brod  form  of  either  sex,  in  all  oases  iu  which 
prepotency  does  not  run  more  strongly,  in  one  sex  than  the 
other,  will  transmit  its  character  with  prepotent  force  over 
a  mongrelised  and  already  variable  form.'^  From  seyeral  of 
the  aboye-given  cases  we  may  conclude  that  mere  antiquity 
of  character  docs  not  by  any  m^ns  necessarily  make  it  pre- 
potent In  some  cases  prepotency  apparently  depends  on  the 
same  character  being  present  and  visible  in  one  of  the  two 
breeds  which  are  crossed,  and  latent  or  invisible  in  the  other 
breed ;  and  in  this  case  it  is  natural  that  the  character  which 
is  potentially  present  in  both  breeds  should  be  prepotent. 
Thus,  we  have  reason  to  believe  that  there  is  a  latent  ten- 
dency in  all  horses  to  be  dun-coloured  and  striped;  and 
when  a  horse  of  this  kind  is  crossed  with  one  of  any  other 
colour,  it  is  said  that  the.  offspring  are  almost  sure  to  be 
striped.  Sheep  have  a  similar  latent  tendency  to  become 
dark-coloured,  and  we  have  seen  with  what  prepotent  force 
a  ram  with  a  few  black  spots,  when  crossed  with  white  sheep 
of  various  breeds,  coloured  its  offspring.  All  pigeons  have  a 
latent  tendency  to  become  slaty-blue,  with  certain  character- 
istic marks,'  and  it  is  known  that,  when  a  bird  thus  coloured 
is  crossed  with  one  of  any  other  colour,  it  is  most  difficult 
afterwards  to  eradicate  the  blue  tint.  A  nearly  parallel  case 
is  offered  by  those  black  bantams  which,  as  they  gro:w  oH, 
develope  a  latent  tendency  to  acquire  :red  featiliers.  But 
there  are  exceptions  to  the  rule :  hornless  breeds  of  cattle 
possess  a  latent  capacity  to  reproduce  horns,  yet  when  crossed 
with  homed  breeds  they  do  not  invariably  produce  offspring 
bearing  horns. 

We  meet  with  analogous  cases  with  plants.  Striped  flowers, 
though  they  can  be  propagated  truly  by  seed,  have  a,  latent 
tendency  to  become  uniformly  coloured,  but  when  once  crossed 
by  a  uniformly  coloured  variety,  they  ever  afterwards  fail  to 

»        ■       •         .    .  ■  •  ' 

.  '*  See  some  remarks  on  this  head  between  English  and  French  sheep, 
with  respect  to  sheep  by  Mr.  Wilson,  '     He    foond    that    he    obtained    the 

in  *  Qardener's  Chronicle,'  1863,  p.  15.  desired  inflaenoe  of  the  English  breeds 

Many  striking  instances  of  this  result  by  oroesing  intentionally  mongrelised 

are    giren    by    M.    Malingi6-Nonel  Irench   breeds   with    pure   ABglish 

(( Journ.  R.  Agricult.  Boo.,'  rol.  sir.  breeds. 
1S63,  p.  220)  with  respect  to  crosses 
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produce  striped  seedlings.'^  Another  case  is  In  some  respects 
more  ourions :  plants  bearing  pelorio  flowers  have  so  strong 
a  latent  tendenoj  to  reproduce  their  normallj  irregular 
flowers,  that  this  often  occurs  by  buds  when  a  plant  is  trans- 
planted into  poorer  or  richer  soil.^^  Now  I  crossed  the  pelorio 
snapdragon  (^ArUirrhinum  fnajua\  described  in  the  last  chapter, 
with  pollen  of  the  common  form ;  and  the  latter,  reciprocally, 
with  pelorio  pollen.  I  thus  raised  two  great  beds  of  seed- 
lings, and  not  one  was  peloria  Naudin  ^  obtained  the  same 
result  from  crossing  a  pelorio  Linaria  with  che  common  form. 
I  carefully  examined  the  flowers  of  ninety  plants  of  the 
crossed  Antirrhinum  in  the  two  beds,  and  their  structure  had 
not  been  in  the  least  affected  by  the  cross,  except  that  in  a 
few  instances  the  minute  rudiment  of  the  fifth  stamen,  which 
is  always  present,  was  more  fully  or  even  completely  de- 
veloped. It  must  not  be  supposed  that  this  entire  obliteration 
of  the  pelorio  structure  in  the  crossed  plants  can  be  accounted 
for  by  any  incapacity  of  transmission ;  for  I  raised  a  large 
bed  of  plants  from  the  pelorio  Antirrhinum,  artificially  fer- 
tilised by  its  own  pollen,  and  sixteen  plants,  which  alone 
survived  the  winter,  were  all  as  perfectly  pelorio  as  the 
parent-plant.  Here  we  have  a  good  instance  of  the  wide  dif- 
ference between  the  inheritance  of  a  character  and  the  power 
of  transmitting  it  to  crossed  offspring.  The  crossed  plants, 
which  perfectly  resembled  the  common  snapdragon,  were 
allowed  to  sow  themselves,  and  out  of  a  hundred  and  twenty- 
seven  seedlings,  eighty-eight  proved  to  be  common  snap- 
dragons, two  were  in  an  intermediate  condition  between  the 
pelorio  and  normal  state,  and  thirty-seven  were  perfectly 
pelorio,  having  reverted  to  the  structure  of  their  one  grand- 
parent. This  case  seems  at  first  sight  to  offer  an  CKception 
to  the  rule  just  given,  namely,  that  a  character  which  is 
present  in  one  form  and  latent  in  the  other  is  generally 
transmitted  with  prepotent  force  when  the  two  forms  are 
crossed.  For  in  all  the  Scrophulariaceaa,  and  especially  in 
the  genera  Antirrhinum  and  Linaria,  there  is,  as  was  shown 

"  Verlot,  *  D«8  Varl«M«,'  1885,  p.  66. 

**  Moquin-Tandon,  *  T^ratologie,*  p.  191. 

^  *  Nourelles  Archirei  du  Mos^am/  torn  I.  p.  137. 


Obap.  XIT.  BBXUAL  LIMITATION.  47 

in  the  last  chapter,  a  strong  latent  tendency  to  become 
pelorio;  but  there  is  also,  as  we  have  seen,  a  still  stronger 
tendency  in  all  pelorio  plants  to  reacquire  their  normal 
irregular  stmctnre.  So  that  we  have  two  opposed  latent 
tendencies  in  the  same  plants.  Now,  with  the  crossed 
Antirrhinums  the  tendency  to  produce  normal  or  irregpilar 
flowers,  like  those  of  the  common  Snapdragon,  preyailed  in 
the  first  generation;  whilst  the  tendency  to  pelorism,  ap- 
pearing to  gain  strength  by  the  intermission  of  a  generation, 
prevailed  to  a  large  extent  in  the  second  set  of  seedlings. 
How  it  is  possible  for  a  character  to  gain  strength  by  the 
intermission  of  a  generation,  will  be  considered  in  the  chapter 
on  pangenesis. 

On  the  whole,  the  subject  of  prepotency  is  extremely  intri- 
cate,— from  its  varying  so  much  in  strength,  even  in  regard 
to  the  same  character,  in  different  animals, — from  its  running 
either  equally  in  both  sexes,  or,  as  frequently  is  the  case  with 
animals,  but  not  with  plants,  much  stronger  in  one  sex  than 
the  other, — ^from  the  existence  of  secondary  sexual  charac- 
ters,— ^from  the  transmission  of  certain  characters  being 
limited,  as  we  shall  immediately  see,  by  sex, — ^£rom  certain 
characiers  not  blending  together, — and,  perhaps,  occasionally 
from  the  effects  of  a  previous  fertilisation  on  the  mother. 
It  is  therefore  not  surprising  that  no  one  has  hitherto 
succeeded  in  drawing  up  general  rules  on  the  subject  of 
prepotency. 

Inheritance  as  limited  by  Sex, 

New  characters  often  appear  in  one  sex,  and  are  afterwards 
transmitted  to  the  same  sex,  either  exclusively  or  in  a  much 
greater  degree  than  to  the  other.  This  subject  is  important, 
because  with  animals  of  many  kinds  in  a  state  of  nature,  both 
high  and  low  in  the  scale,  secondary  sexual  characters,  not 
directly  connected  with  the  organs  of  reproduction,  are  con- 
spicuously present.  With  our  domesticated  animals,  characters 
of  this  kind  often  differ  widely  from  those  distinguishing  the 
two  sexes  of  the  parent  species ;  and  the  principle  of  inherit 
tance,  as  limited  by  sex,  explains  how  this  is  possible. 
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Dr.  P.  Lucas  has  shown^  that  when  a  poouliarity,  in  no  manner 
eonneoted  with  the.reprodiictiYe  organs,  appears  in  either  parent, 
it  is  often  transmitted  ezclnsiTely  to  the  ompring  of  Uie  ^ame  sex, 
or  to  a  mnch  greater  number  of  them  than  of  tiie  opposite  sex. 
ThnSf.in,  the  family  of  Lambert,  the  horn-like  projections  on  the 
skin  were,  transmit j»d  from  the  feither  to  his  sons  and  grandsons 
alone;  BO  it  has  been  with  other  cases  of  iohtiiyods,  with  super- 
numerary digits,  with  a  deficiency  of  digits  and  phidangea,  and  m  a 
lesser  degree  with  various  diseases,  especially  with  colour-blindness 
and  the  hfl9morrhagi<^  diathesis,  thfit  is,  an  extreme  lO&bility  to  profuse 
and  uncontrollable,  bleedinp;  fh>m  trifling  wounds.  On  the  other 
hand,  mothers  haye  transmitted,  during  seyeral  generations,  to  their 
daughters  alone,  8U]Mmumerarv  and  deficient  digits,  colour-blindness 
and  other,  pocnliaritios.  .So  tbat  the  Tory  same  peculiarity  may 
become  attaced  to.  either  sex,  and  be  long  inhented  by  that  sex 
alone ;  but  the  attachment  in  certain  cases  is  much  more  frequent 
to  one  than  the  other  sex.  The  same  peculiarities  also  inay  be 
promiscuously  transmitted  to  either  sex.  Dr.  Lucas  gives  other 
cases,  showing  that  the  male  occasionally  transmits  his  peculiarities 
to  his  daughters  alone,  and  the  mother  to  her  sons  alone;  but  even 
in  this  case  we  see  that  inheritance  is  to, a  certain  extent,  though 
inyersely,  regulated  by  isex.  Dr.  Lucas,  after  weighing  tiie  whole 
eyidence,  comes  .to  the  conclusion  that  every  peculiarity  tends  to 
be  transmitted  in  a  greajer  or  lesser  degree,  to  that  sex  in  which  it 
first  appears.  But  a  more  definite  rule,  as  I  have  elsewhere  shown,^ 
generally  holds  good,  namely,  that  yariations  which  first  appear,  in 
ei^er  sex  at  a  late  period  of  life,  whion  the  reproduotiye  tunctions 
are  aotiye,  .tend  to  be  developed  in.  that  sex  alone ;  whilst  variations 
which,  first  appear  early  in  lite  in  .either  sex  are. commonly  tnms- 
mitted  to  both  sexes.  I  am,  however,  far  from  supposing  that  this 
is  the  sole  determining  cause. 

A  few  details  tem  the  man^  cases  collected  by  Mi.  Sedgwick,*^ 
may  be  here  given.  Oolour-blmdness,  from  some  unknown  cause, 
shows  itself  much  oftener  in  males  than  in  females;  in  upwards  of 
two  hundred  cases  collected  by  Mr.  Sedgwick,  nine-tenths  related 
to  men ;  but  it  is  eminently  liable  to  be  transmitted  through  women. 
Li  the  case  given  by  Dr.  Earle,  members  of  eight  related  families 
were  affected  during  five  generations:. these  families  consisted  of 
sixty-one  individuals,  namely,  of  thirty-two  males,  of  whom  nine- 
sixteenths  were  incapable  of  diBtingnishing  colour,  and  of  twenty- 
m'ne  females,,  of  whom  only  one-fifteeuth'  were  thus  affected. 
Although  colour-blindness  thus  generally  clings  to  the  male  sex. 


'»  <  L'HiirM:  Nat.,'  torn.  ii.  pp.  187-  '    »'  On  Sexual  LimlUtion  in  Heredi- 

165.     89$,  alM,Mr.  Sadgwicrs  four  tary  DiMasat,  <Brit.  and  For.  Med.- 

men^in,  immediately  to  be  referred  Chinirg.  BeTiew/ April  1861,  p.  477 ; 

to.  July,  p.  198 ;  April  1863,  p.  445 ;  and 

«•  '  Oeioent  of  Han,*  2nd  edit.,  p.  July,  p.  159.    Also  in  1867,  <0n  the 

52.  influence  ofAge  in  Hereditary  DiueaM.' 
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nevertheless,  in  one  instance  in  which  it  first  appeared  in  a  fema]e« 
it  was  transmitted  during  five  generations  to  thirteen  indiTidnals, 
all  of  whom  were  females.  The Immorrhagic  diathems,  often  accom- 
panied by  rheumatism,  has  been  known  to  aflfoct  the  males  alone 
during  fiye  generations,  being  transmitted,  howeyer,  through  the 
females.  It  is  said  that  deficient  phalanges  in  the  fingers  have 
been  inherited  by  the  females  alone  during  ten  generations.  In 
another  case,  a  man  thus  deficient  in  both  hands  and  feet,  trans- 
mitted the  peculiarity  to  his  two  sons  and  one  daughter';  but.  in 
the  third  generation,  out  of  nineteen  grandchildren,  twelye  sons 
had  the  fiuDoily.  defect,  whilst  the  seyen  daughters  were  free.  In 
ordinary  cases  of  sexual  limitatioui  the  sons  or  daughters  inherit 
the  peculiarity^  whatever  it  may  be,  from*  their  father  or  mother, 
and  transmit  it  to  th^r  childran  of  the  same  sex;  but  generally 
with  the  hssmorrhagic  diathesis,  and  often  with  colour-blindness, 
and  in  some  other  cases,  the  sons  "never  jnherit  the  peculiarity 
directly  from  their  fathers,  but  the  daughters  alone  transmit  the 
latent  tendency,  so  that  the  sons  of  the  daughters  alone  exhibit  it 
Thus  the  fatlier,  grandson,  and  great-great-ffrandson  will  exhibit  a 
peculiarity, — ^the  grandmother,,  daughter,  and  great-grand-daughtcr 
having  transmitted  it  in  a  latent  state.  Hence  we  have,  as  &ir. 
Sedgwick  remarks,  a  double. kind  of  atavism  or  reversion;  each 
ffrandson  apparently  receiving  and  developing  the  peculiarity  from 
his  grandfather,  and  each  daughter  apparently  receiving  the  latent 
tenden<qr  from  her  grandmother. 

From  the  various  fBusts  recorded  bv  Br.  Prosper  Lucas,  Mr. 
Sedgwick,  and  others,  there  can  be  no  doubt  that  peculiarities  first 
appearing  in  either  sex,  though  not  in  any  way  necessarily  or 
invariabljr  connected  with  that  sex,  strongly  tend  to  be  inherited  by 
the  oftsjpiriDg  of  the  same  sex,  but  are  orten  transmitted  in  a  latent 
state  tnrou^  the  opposite  sex. 

Turning  now  to  domesticated  animals,  we 'find  that  certain 
characters  not  proper  to  the  'parent  species  are  often  confined  to, 
and  inherited  by,  one  sex  alone;  but  we  do  not  know  the  history 
of  the  first  appearance  of  such  characters.  In  the  chapter  on  Sheep, 
we  have  seen  that  the  males  of  certain  races  differ  greatly  from 
the  females  in  the  shape  of  their  horns,  these  being  absent  in  tiio 
ewes  of  some  breeds ;  the^  differ  also  in  the  development  of  fat  in 
the  tail  and  in  the  outlme  of  the  forehead.  These. differences, 
judging  from  fhe  character  of  the  allied  wild  species,  cannot  be 
accounted  for  by  supposing  that  they  have  beion  derived  from 
distinct  parent  forms.  There  is,  also,  a  great  diffetende  between 
the  horns  of  the  two  aexes  in  one  Indian  bgreed  of  goats.  The  bull 
sebu  is  said  to  havQ  a  larger  h^unp  than  the  cow.  ,  In  the  Scotch 
deer-hound  the  two  sexes  differ  in  size  more  than  in  any;  other 
variety  of  the  dog,^  and,  judging  from  analogy,  more  than  in'  the 
aboriginal  parent-species.     The  peculiar  ^  colour  called .  tortoisor 


•tt  > 


>•  W.  ScroiM,  <  Art  of  Dmt  StolUng/  p.  864. 
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shell  is  Tory  rarely  seen  in  a  male  cat;  the  males  of  this  yariety 
being  of  a  rusty  tint- 

In  yarious  breeds  of  the  fowl  the  males  and  females  often  differ 
greatly ;  and  these  differences  are  fax  from  being  the  same  with 
those  which  distinguish  the  two  sexes  of  the  parent-species,  the 
Oalltis  bankiva ;  and  consequently  have  originated  under  domesti- 
cation. In  certain  sub-yarieties  of  the  Game  race  we  haye  the 
imusual  case  of  the  hens  differing  from  each  other  more  than  the 
codes.  In  an  Indian  breed  of  a  white  colour  shaded  with  black,  the 
hens  inyariably  haye  black  skins,  and  their  bones  are  coyered  by  a 
black  periosteum,  whilst  the  cocks  are  neyer  or  most  rarely  thus 
characterised.  Pigeons  offer  a  more  interesting  case ;  for  throughout 
the  whole  groat  family  the  two  sexes  do  not  often  differ  much ;  and 
the  males  and  females  of  the  parent-form,  the  0,  Hvia,  are  undistin- 
guishable :  yet  we  haye  seen  that  with  pouters  the  male  haa  the 
characteristic  quality  of  pouting;  more  strongly  deydoped  than  the 
female :  and  in  certain  sub-yaneties  the  males  alone  are  spotted  or 
striated  with  black,  or  otherwise  differ  in  colour.  When  male  and 
femide  English  carrier-pigeons  are  exhibited  in  separate  pens,  the 
difference  in  the  deyelopment  of  the  wattle  over  the  beak  and 
round  the  eyes  is  conspicuous.  So  that  here  we  haye  instances  of 
the  appearance  of  secondary  sexual  characters  in  the  domesticated 
races  of  a  sxx»ios  in  which  such  differences  are  naturally  quite 
absent 

On  the  other  hand,  secondary  sexual  eharaotera  whioh 
belong  to  the  species  in  a  state  of  nature  are  sometimes  quite 
lost,  or  greatly  diminished,  under  domestication.  We  see 
this  in  the  small  size  of  the  tusks  in  our  improved  breeds  of 
the  pig,  in  oompanson  yrith  those  of  the  wild  boar.  There 
are  sub-breeds  of  fowls,  in  which  the  males  have  lost  the  fine- 
flowing  tail-feathers  and  hackles ;  and  others  in  which  there 
is  no  difference  in  colour  between  the  two  sexes.  In  some 
oases  the  barred  plumage,  which  in  gallinaoeons  birds  is 
commonly  the  attribute  of  the  hen,  has  been  transferred  to 
the  cock,  as  in  the  cuckoo  sub-breeds.  In  other  oases  mascu- 
line oharacters  have  been  partly  transferred  to  the  female,  as 
with  the  splendid  plumage  of  the  golden-spangled  Hamburg 
hen',  the  enlarged  comb  of  the  Spanish  hen,  the  pugnacious 
disposition  of  the  Game  hen,  and  as  in  the  well-developed 
spurs  whioh  occasionally  appear  in  the  hens  of  yarious  breeds. 
In  Polish  fowls  both  sexes  are  ornamented  with  a  topknot, 
that  of  the  male  being  formed  of  hackle-like  feathers,  and 
this  is  a  new  male  character  in  the  genus  Oallus.     On  the 
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whole,  as  far  as  I  can  judge,  new  oharacters  are  more  apt 
to  appear  in  tlie  males  of  our  domesticated-  animals  than  in 
the  females,*'  and  afterwards  to  be  inherited  exclusiyely  or 
more  strongly  by  the  males.  Finally,  i^  aooordanoe  with 
the  principle  of  inheritanoe  as  limited  by  sex,  the  preserra- 
tion  and  augmentation  of  secondary  sexual  characters  in 
natural  species  offers  no  especial  difficulty,  as  this  would 
follow  through  that  form  of  selection  which  I  have  called 
sexual  selection. 

Inheritance  at  corresponding  periods  of  Life. 

This  is  an  important  subject  Since  the  publication  of  my 
*  Origin  of  Species,'  I  have  seen  no  reason  to  doubt  the  truth 
of  the  explanation  there  given  of  one  of  the  most  remarkable 
facts  in  biology,  namely,  the  diffbrence  between  the  embryo 
and  the  adult  animal.  The  explanation  is,  that  variations 
do  not  necessarily  or  generally  occur  at  a  very  early  period 
of  embryonic  growth,  and  that  such  variations  are  inherited 
at  a  oorresponding  age.  As  a  consequence  of  this  the  embryo, 
even  after  the  parent-form  has  undergone  great  modification, 
is  left  only  slightly  modified ;  and  the  embryos  of  widely- 
different  animals  which  are  descended  from  a  common  pro* 
genitor  remain  in  many  important  respects  like  one  another 
and  probably  like  their  common  progenitor.  We  can  thus 
understand  why  embryology  throws  a  flood  of  light  on  the 
natural  system  of  classification,  as  this  ought  to  be  as  far  as 
possible  genealogical.  When  the  embryo  leads  an  inde- 
pendent life,  that  is,  becomes  a  larva,  it  has  to  be  adapted 
to  the  surrounding  conditions  in  its  structure  and  instincts, 
independently  of  those  of  its  parents;  and  the  principle 
of  inheritance  at  oorresponding  periods  of  life  renders  this 
possible* 

This  principle  is,  indeed,  in  one  way  so  obvious  that  it 
escapes  attention.  We  possess  a  number  of  races  of  animals 
and  plants,  which,  when  compared  with  one  another  and  with 

**  1  hare  giTen  in  mj  *  Descent  of      usually  more  variable  than  the  fe> 
Man'  (2nd   edit.  p.   223)  sufficient      males, 
evidenee    that    male    animals    are 
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their  {Mtrent-fomis,  piesent  ooDBpicuous  differenoes,  both  in 
their  immature  and  mature  states.  Look  at  the  seeds  of  the 
several  kinds  of  peas;  beans,  maize,  whioh  oan  be  propagated 
truly,-  and  see  how  they  differ  in  size,  colour,  and  shape, 
whilst  the  fall-grown  plants  differ  but  little.  Cabbages,  on 
the  other  hand,  differ  greatly  in  foliage  and  manner  of  growth, 
but  hardly  at  all  in  their  seeds ;  and  generally  it  will  be 
found  that  the  differences  between  cultivated  plants  at  dif- 
ferent periods  of  growth  are  not  necessarily  closely  connected 
together,  for  plants  may  differ  much  in  their  seeds  and  little 
when  full-grown,  and  conversely  may.  yield  seeds  hardly 
distinguishable,  yet  differ  much,  when  full-grown.  In  the 
several  breeds  of  poultry,  descended  from  a  single  species, 
differences  in  the  eggs  and  chickens  whilst  covered  with 
down,  in  the  plumage  at  the  first  and  subsequent  moults,  as 
well  as  in  the  comb  and  wattles,  are  all  inherited.  With 
man  peculiarities  in  the  niilk  and  second  teeth  (of  which  I 
have  received  the  details)  arid  inheritable,  and  longevity  is 
often  transmitted.  So  again'  with  our  improved  breeds  of 
cattle  and  sheep,  early  maturity,  including  the  early  develop- 
ment of  the  teeth,  and  with' certain  breeds  of  fowl  the  early 
appearance  of  secondary  sexual  characters,  all  come  under  the 
same  head  of  inheritance  at  corresponding  periods. 

Numerous  analogous  facts  could  be  given.  The  silk-moth, 
perhaps, 'offers  the  best  instance;  for  in  the  breeds  which 
transmit  their  characters  truly,  the  eggs  differ  in  size,' colour, 
and  shape : .  the  caterpillars  differ,  in  moulting  three  or  four 
times,  in  colour,  even  in  having  a  dark-coloured  mark  like 
an  eyebrow,  and  in  the  loss  of  certain  instincts ; — the  cocoons 
differ  in  size,  shape,  and  in  the  colour  and  quality  of  the 
silk;  these  several  differences  being  followed  by  slight  or 
barely  distinguishable  differences  in  the  mature  moth. 

But  it  may  be  said  that,  if  in  the  above  cases  a  new  pecu- 
liarity is  inherited,  it  must  be  at  the  corresponding  stage  of 
development ;  for  an  egg  or  seed  can  resemble  only  an  egg  or 
seed,  and  the  horn  in  a  full-grown  ox  can  resemble  only  a 
horn.  The  following  cases  show  inheritance  at  corresponding 
periods  more  plainly,  because  they  refer  to  peculiarities  which 
might  have  supervened,  as  far  as  we  oan  see,  earlier  or  later 
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in  life,  yet  are  inherited  at  tlie  same  period  at  which  they 
first  appeared. 

In  the  Lambert  family  the  porcupine-like  excrescences  appeared 
In  the  £Either  and  sons  at  the  same  age,  namely,  about  nine  weeks 
after  birth."^  In  the  extraordinary  hairy  family  described  by  Mr. 
Crawfurd,*^  children  were  produced  during  three  generations  with 
hairy  oars ;  in  the  father  the  hair  began  to  grow  oyer  his  body  at 
six  years  old;  in  liis  daujghter  somewhat  earlier,  namely,  at  one 
year ;  and  in  both  generations  the  milk  teeth  app^ured  late  in  life, 
the  permanent  teeth  being  afterwards  singularly  deficient  Grey- 
ness  of  hair  at  an  unusually  early  age  has  been  transmitted  in  some 
families.  These  cases  border  on  diseases  inherited  at  corresponding 
periods  of  life,  to  which  I  shall  immediately  refer. 

It  is  a  well-known  peculiarity  with  almond-tumbler  pigeons,  that 
the  full  beauty  and  peculiar  character  of  the  plumage  does  not 
appear  until  the  bird  has  moulted  two  or  three  times.  Neumeister 
describes  and  figures  a  brace  of  pigeons  in  which  the  whole  body  is 
white  except  the  breast,  neck,  and  head ;  but  in  their  first  plumage 
all  the  white  feathers  have  coloured  edges.  ^  Another  breed  is  more 
remarkable :  its  first  plumace  is  black,  with  rusty-red  wing-bars 
and  a  crescent-shaped  mark  on  the  breast;  these  marks  then 
become  white,  and  remain  so  during  three  or  four  moults;  but  after 
tliis  period  the  white  spreads  over  the  body,  and  the  bird  loses  its 
beauty."  Prize  canary-birds  have  their  wings  and  tail  black: 
**  this  colour,  however.  Is  only  retained  until  the  first  moult,  so  that 
"they  must  be  exhibited  ore  the  change  takes  place.  Once 
"  moulted,  the  peculiarity  has  ceased.  Of  course  all  the  birds 
"  emanating  from  this  stock  have  black  wings  and  tails  the  first 
year."**     A  curious  and  somewhat  analbgous  account  has  been 

fiyen**  of  a  family  of  wild  pied  rooks  which  were  first  observed  in 
798,  near  Chalfont,  and  which  ev^  year  £rom  that  date  up  to  the 
period  of  Ihe  published  notice,  viz.,  18S7, "  have  several  of  their 
"  brood  particoloured,  bUick  and  white.  This  variegation  of  the 
**  plumage,  however,  disappears  with  the  first  moult;  but' among 
"  the  next  young  families  there  are  always  a  few  i>ied  ones." 
These  changes  of  plumage,  which  are  inherited  at  various  corre- 
sponding periods  of  h'fe  in  the  pigeon,  canary-bird,  and  rook,  are 
remarkable,  because  the  parent-spjacies  passes  through  no  such 
change. 
Inherited  diseases  afford  evidence  in  some  respects  of  less  value 


**  Prichard,  '  Phyt.  Hist,  of  Man-  "  '  Das  OanM  .  der  Taabenzachi,' 

kind,'  1851,  rol.  i.  p.  349.  1837,  t.  24,  tab.  ir.,  fig.  2 ;  s.  21,  Ub. 

**  'Embassy  to  the  Court  of  Ava,'  i.,  fig. 4. 

vol.  i.  p.  320.     The  third  genoration  **  Kidd's  <  Treatise  on  the  Canary,' 

ia  described  by  Capi.   Yule  in  his  p.  18. 

*  Narratire   of   the    Mission  to  the  **  Charlesworth,    '  Mag.  of    Nat. 

Court  of  Ava,'  1S55,  p.  94.  Hist.,'  rol.  i.  1837,  p.  167. 
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than  the  foregoing  oases,  because  diseases  are  not  neoessarily  oon- 
nected  with  any  change  in  straoture ;  but  in  other  respects  of  more 
value,  because  the  periods  have  been  more  carefully  obeerred. 
Certain  diseases  are  communicated  to  the  child  apparently  by 
a  process  like  inoculation,  and  the  child  is  from  the  first  affected; 
such  cases  may  be  here  passed  over.  Large  classes  of  diseases 
usually  appear  at  certain  a^,  such  as  St  Yitus's  dance  in  youth, 
consumption  in  early  mid-bfe,  gout  later,  and  apoplexy  still  later ; 
and  these  are  naturally  inherited  at  the  same  period.  But  even  in 
diseases  of  this  class,  instapces  haye  been  recorded,  as  with  St. 
Yitus's  dance,  showing  that  an  unusually  early  or  late  tendency  to 
the  disease  is  inheritable.**  In  most  cases  the  appearance  of  any 
inherited  disease  is  largely  determined  by  certain  critical  periods 
in  each  person's  life,  as  well  as  by  unfavourable  conditions.  There 
are  many  other  diseases,  which  are  not  attached  to  anv  particular 
period,  but  which  certainly  t^nd  to  appear  in  the  child  at  about 
the  same  age  at  which  the  parent  was  first  attacked.  An  array  of 
high  authorities,  ancient  and  modem,  could  be  given  in  support  of 
this  proposition.  The  illustrious  Hunter  believed  in  it;  and  riorry**- 
cautions  the  physician  to  look  closely  to  the  child  at  the  period 
when  any  grave  inheritable  disease  attacked  the  parent.  Dr. 
Prosper  Lucas,"^  after  collecting  facts  from  every  source,  asserts 
that  affections  of  all  kinds,  though  not  related  to  any  particular 
period  of  life,  tend  to  reappear  in  the  offspring  at  whatever  period 
of  life  they  first  appeared  in  the  progenitor. 

As  the  subject  is  important,  it  may  be  well  to  give  a  few 
instances,  simply  aa  illnatrations,  not  as  proof;  for  proof,  recourse 
must  be  had  to  the  authorities  aboye  quoted.  Some  of  the 
following  cases  have  be^i  selected  for  the  sake  of  showing  that,  when 
a  slight  departure  f^m  the  rule  occurs,  the  child  is  affected  some- 
what earlier  in  life  than  the  parent.  In  the  family  of  Le  Gompte 
blindness  was  inherited  through  three  generations,  and  no  loss 
than  twenty-seyen  children  and  grandchildren  were  all  affected  at 
about  the  same  age;  their  blindness  in  general  began  to  advance 
about  the  fifteenth  or  sixteenth  year,  and  ended  in  total  deprivation 
of  sight  at  the  age  of  about  twenty-two."  In  another  cose  a  father 
and  his  four  children  all  became  blind  at  twenty-one  years  old;  in 
another,  a  grandmother  grew  blind  at  thirty-five,  her  daughter  at 
nineteen,  and  three  grandchildren  at  the  ages  of  thirteen  and  eleyen." 


••  Dr.  Prosper  Lucu,  <  UiM.  Nat^ 
torn.  H.  p.  713. 

*•  'L'll^rdd.  dam  lat  Maladies,' 
1840,  p.  135.  For  Hunter,  tee  Har- 
lan's *Med.  Researches,'  p.  530. 

"  •  L'H^rAL  Nat.,'  torn.  it.  p.  850. 

M  Sedgwick,  <Brit.  and  For.  Med.- 
Chirurg.  Review/  April,  1861,  p.  485. 
In    some    accounts  the    number  of 


children  and  grandchildren  is  gireii 
as  37 ;  but  this  seems  to  be  an  error 
judging  Arom  the  paper  first  published 
in  the  Mialtimore  Med.  and  Phys. 
Reg.'  1809,  of  which  Mr.  Sedgwick 
has  been  so  kind  as  to  send  me  a  oopj. 
**  Prosper  Lucas,  *HerM.  Nat. 
torn.  i.  p.  400. 
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So  with  deafness,  two  brothers,  their  father  and  paternal  grand* 
father,  all  became  deaf  at  the  age  of  forty .^  , 

Esquirol  gives  seyeral  striking  instances  of  insanity  coming  on 
at  the  same  a^e,  as  that  of  a  grand£Either,  fother,  and  son,  who  all 
committed  suicide  near  their  fiftieth  year.  Many  other  cases  could 
be  giyen,  as  of  a  whole  family  who  became  insane  at  the  age  of  forty.*' 
Other  cerebral  affections  sometimes  follow  the  same  rule, — ^for 
instance,  epilog  and  apoplexy.  A  woman  died  of  the  latter 
disease  when  sixty-three  years  old;  one  of  her  daughters  at  forty- 
three,  and  the  other  at  sixty-seyen :  the  latter  had  tweWe  children, 
who  all  died  from  tubercular  meningitis.^  I  mention  this  latter 
case  because  it  illustrates  a  frequent  occurrence,  namely,  a  change 
in  the  precise  nature  of  an  inherited  disease,  though  still  affecting 
the  same  organ. 

Asthma  has  attacked  several  members  of  the  same  family  when 
forty  years  old,  and  other  families  during  infancy.  The  most 
different  diseases,  such  as  angina  pectoris,  stone  in  the  bladder,  and 
various  affections  of  the  skin,  have  app^red  in  successiye  genera- 
tions at  nearly  the  same  age.  The  little  finger  of  a  man  began  from 
some  unknown  cause  to  grow  inwards,  and  the  same  finger  in  his 
two  sons  began  at  the  same  age  to  bend  inwards  in  a  similar 
manner.  Strange  and  inexplicable  neuralgic  affections  have  caused 
parents  and  children  to  suffer  agonies  at  about  the  same  period 
of  life." 

I  will  give  only  two  other  cases,  which  are  interesting  as 
illustrating  the  difiap])earance  as  well  as  the  appearance  of  disease 
at  the  same  age.  Two  brothers,  their  father,  their  paternal  uncles, 
seven  cousins,  and  their  paternal  grandfather,  were  all  similarly 
affected  by  a  skin-disease,  called  pityriasis  versicolor ;  "  the  disease, 
strictly  limited  to  the  males  of  the  family  (though  transmitted 
through  the  females),  usually  appeared  at  puberty,  and  dis- 
appeared at  about  the  age  of  forty  or  forty-five  years."  The  second 
case  is  that  of  four  brothers,  who  when  about  twelve  years  old 
Buffered  almost  every  week  from  severe  headaches,  which  were 
relieved  only  by  a  recumbent  position  in  a  dark  room.  Their 
father,  paternal  uncles,  paternal  grandfather,  and  grandundes  all 
suffered  in  the  some  way  from  headaches,  which  ceased  at  the  age 
of  fifty-four  or  fifty-five  in  all  those  who  lived  so  long.  None  of 
the  females  of  the  fomily  were  affected.^ 

It  is  impossible  to  read  the  foregoing  accounts,  and  the 
many  others  whiob  have  been  recorded,  of  diseases  coming 

*•  Sedgwick,  ibid.,  July,  1861,   p.  1863,  p.  449,  and  July,  1863,  p.  162, 

202.  Dr.  J.  Steinan,  *  £«ay  on  Hereditary 

*^  IMorry,  p.  109 ;   Prosper  Lucas,  Disease,'  1843,  pp.  27,  34. 

ton.  ii.  p.  759.  **  These    cases  are  given  by  Mr. 

**  Prosper  Lucas,  torn.  ii.  p.  748.  Sedgwick,  on  the  authority  of  Dr.  H. 

*'  Prosper  Lucas,  torn.  iii.  pp.  678,  Stewltrt,  in  '  Med.-Chirurg.  JReWew, 

700,    702 ;    Sedgwick,    ibid.,  April,  April,  1863,  pp.  449,  477. 


56  INHEBITANCE.  Chap.  XIV. 

on  during  three  or  even  more'generationB  in  several  membera 
of  the  same  family  at  the  same  age,  especially  in  the  case  of 
rare  affections  in  which  the  coincidence  cannot  be  attributed 
to  chance,  and  to  doubt  that  there  is  a  strong  tendency  to  in- 
heritance in  disease  at  corresponding  periods  of  life.  When 
the  rule  fails,  the  disease  is  apt  to  come  on  earlier  in  the  child 
than  in  the  parent;  the  exceptions  in  the  other  direction 
being  very  much  rarer.  Dn. Lucas  ^*  alludes  to  several  oases 
of  inherited  diseases  coming  on  at  an  earlier  period.  I  have 
already  g^ven  one  striking  instance  with  blindness  during 
throe  generations ;  and  Mr.  Bowman  remarks  that  this  fre- 
quently occurs  with  cataract.  With  cancer  there  seems  to  be 
a  peculiar  liability  to  earlier  inheritance :  Sir  J.  Paget,  who 
has  particularly  attended  to  this  subject,  and  tabulated  a  large 
number  of  oases,  informs  me  that  he  believes  that  in  nine 
cases  out  of  ten  the  later  generation  suffers  from  the  disease 
at  an  earlier  period  than  the  previous  generation.  He  adds, 
"  lu  the  instances  in  which  the  opposite  relation  holds,  and 
the  members  of  later  generations  have  cancer  at  a  later  age 
than  their  predecessors,  I  think  it  will  be  found  that  the 
non-cancerous  parents  have  lived  to  extreme  old  ages."  80 
that  the  longevity  of  a  non-affected. parent  seems  to  have  the 
power  of  influencing  the  fatal  period  in  the  offiipring ;  and 
we  thus  apparently  get  another  element  of  complexity  in 
inheritance. 

'  The  facts,  showing,  that  with  certain  diseases  the  period  of 
inheritance  occasionally  or  even  frequently  advances,  are 
important  with  respect  to  the  general  descent-theory,  for  they 
render  it  probable  that  the  same  thing  would  'occur  with 
ordinary  modifications  of  structure.  The  final  result  of  a 
long  series  of  such  advances  would  be  the  gradual  obliteration 
of  characters  proper  to  the  embryo  and  larva,  which  would 
thus  come  to  resemble  more  and  more  closely  the  mature 
parent-form.  But  any  structure  which  was  of  service  to  the 
embryo  or  larva  would  be  preserved  by  the  destruction  at 
this  stage  ^of  growth,  of  each  individual  which  manifested 
any  tendency  to  lose  its  proper  character  at  too  early  an  age. 

M  <  H^^d.  Nat,'  torn.  \l  p.  S52. 
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Finallj,  from  the  nnmeroTiB  raoes  of  caltiyated  plants  and 
domestio  animals,  in  whioh  the  seeds  or  eggs,  the  young  or 
old,  differ  from  one  another  and  -from  those  of  the*  parent- 
speoies;— from  the  cases  in  which  new  characters  have  ap- 
peared at  a  particular  period,  and  afterwards  been  inherited 
at  the  same  period ; — and  from  what  we  know  with  respect 
to  disease,  we  must  believe  in  the  truth  of  the  groat  principle 
of  inheritance  at  corresponding  periods  of  life. 

.  Summary  of  the  three  preceding  Chapters, — -Strong  as  is  the 
force  of  inheritance,  it  allows  the  incessant  appearance  of  new 
characters.  These,  whether  beneficial  or  injurious, — of  the 
most  trifling  importance,  such  as  a  shade  of  colour  in  a  flower, 
a  coloured  lock  of  hair,  or  a  mere  gesture,— or  of  the  highest 
importance,  as  when  affecting  the  brain,  or  an  organ  so  perfect 
and  complex  as  the  eye,— or  of  so  grave  a  nature  as  to  deserve 
to  be  called  a  monstrosity,— ror  so  peculiar  as  not  to  occur 
normaUy  in  any  member  of  the  same  natural  dass,— are  often, 
inherited  by  man,  by  the  lower  animals,  and  plants.  In 
numberless  cases  it  suffices  for  the  inheritance  of  a  pecu- 
liarity that  one  parent  alone  should  be,  thus  characterised. 
Inequalities, in  the  two  sides  of  the  body,  though  opposed  to 
the  law  of  symmetry,  may  be  transmitted,  'i'here  is  ample 
evidence  that  the  efiects  of  mutilations  and  of  accidents,  es- 
pecially or  perhaps  exclusively  when,  followed  by  disease,  are 
occasionally  inherited.  There  can  be  no  doubt  that  t,he  evil 
efiects  of  the  long-continued  exposure  of  the. parent  to.  in- 
jurious conditions  are  sometimes  transmitted  to  the  offspring. 
So  it  is,  as  we  shall  see  in  a  future  chapter,  with  the  efiects 
of  the  use  and  disuse  of  parts,  and  of  mental  habits.  Periodi- 
cal habits  are  likewise  transmitted,  but  generally,  as  it  would 
appear,  with  little  force. 

Hence  we  are  led  to  look  at  inheritance  as  the  rule,  and 
non-inheritance  as  the  anomaly.  But  this  power  often  ap- 
pears to  us  in  our  ignorance  to  act  oapriciously,  transmitting 
a  .character  with  inexplicable  strength  or  feebleness.  ^  The 
very  same  peculiarity,  as  the  weeping  habit  of  trees,  silky 
feathers,  drc,  may  be  inherited  either  firmly  or  not  at  all  by 
difierent  members  of  the  same  group,  and  even  by  difierent 
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individualB  of  the  same  species,  {hough  treated  in  the  same 
manner.  In  this  latter  case  we  see  that  the  power  of  trans- 
mission is  a  qnality  which  is  merely  individual  in  its  attach- 
ment. As  with  single  characters,  so  it  is  with  the  seyeral 
concurrent  slight  differences  which  distinguish  sub-yarieties 
or  races ;  for  of  these,  some  can  be  propagated  almost  as  truly 
a?*  species,  whilnt  others  cannot  be  relied  on.  The  same  rule 
liolds  good  with  plants,  when  propagated  by  bulbs,  offsets, 
&C.,  which  in  one  senae  still  form  parts  of  the  same  individual, 
for  some  varieties  retain  or  inherit  through  snooessive  bud- 
generations  their  character  far  more  truly  than  otheiii. 

Some  characters  not  proper  to  the  parent-species  have  cvr- 
tuinly  been  inherited  from  an  extremely  remote  epoch,  end 
may  therefore  be  considered  as  firmly  fixed.  But  it  is  doubt- 
ful whether  length  of  inheritance  in  itself  gives  fixedness  of 
character ;  though  the  chances  are  obviously  in  favour  of  any 
character  which  has  long  been  transmitted  true  or  unaltered 
still  being  transmitted  true  as  long  as  the  conditions  of  life 
remain  the  same.  We  know  that  many  species,  after  havin^ic 
retained  fhe  same  character  for  countless  ages,  whilbt  living 
under  their  natural  conditions,  when  domesticated  have  variid 
in  the  most  diversified  manner,  that  is,  have  failed  to  transmit 
their  original  form;  so  that  no  character  appears  to  be 
absolutely  fixed.  We  con  sometimes  account  for  the  failure 
of  inheritance  by  the  conditions  of  life  being  opposed  to  the 
development  of  certain  characters ;  and  still  oftener,  as  with 
plants  cultivated  by  grafts  and  buds,  by  the  conditions 
causing  new  and  slight  modifications  incessantly  to  appear. 
In  this  latter  case  it  is  not  that  inheritance  wholly  fails,  but 
that  new  charooters  are  continually  superadded.  In  some 
few  cases,  in  which  both  parents  are  Mimilarly  characterised, 
inheritance  seems  to  gain  so  much  force  by  the  combined 
action  of  the  two  parents,  that  it  coutitei  acts  its  own  power, 
and  a  new  modification  is  the  result. 

In  many  cases  the  failure  of  the  parents  to  transmit  their 
likeness  is  due  to  the  breed  liaving  bfcn  at  some  former  period 
crossed;  and  the  child  takes  after  his  grandparent  or  more 
remote  ancestor  of  foreign  blood*  In  other  capes,  in  which 
the  breed  has  not  been  crossed,  but  some  ancient  cl:araoteT 
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has  been  lost  llirongb  yariation,  it  occasionally  reappears 
through  reversion,  so  that  the  parents  apparently  &il  to 
transmit  their  own  likeness.  In  all  oases,  however,  we  may 
safely  oondude  that  the  child  inherits  all  its  characters  from 
its  parents,  in  whom  certain  characters  are  latent,  like  the 
secondary  sexual  characters  of  one  sex  in  the  other.  When, 
after  a  long  succession  of  bud*g^neratioos,  a  flower  or  fruit 
becomes  separated  into  distinct  segments,  having  the  colours 
or  other  attributes  of  both  parent-forms,  we  cannot  doubt 
that  these  characters  were  latent  in  the  earlier  buds,  though 
they  could  not  then  be  detected,  or  could  be  detected  only  in 
an  intimately  commingled  state.  So  it  is  with  animals  of 
crossed  parentage,  which  with  advancing  years  occasionally 
exhibit  characters  derived  from  one  of  their  two  parents,  of 
which  not  a  trace  could  at  first  be  perceived.  Certain  mon- 
strosities, which  resemble  what  naturalists  call  the  typical 
form  of  the  group  in  question,  apparently  come  under  the 
same  law  of  reversion.  It  is  assuredly  an  astonishing  fact 
that  the  male  and  female  sexual  elements,  that  buds,  and 
even  full-grown  animals,  should  retain  characters,  during 
several  generations  in  the  case  of  crossed  breeds,  and  during 
thousands  of  generations  in  the  case  of  pure  breeds,  written 
as  it  were  in  invisible  ink,  yet  ready  at  any  time  to  be  evolved 
under  certain  conditions. 

What  these  conditions  precisely  are,  we  do  not  know. 
But  any  cause  which  disturbs  the  organisation  or  constitu- 
tion seems  to  be  sufficient.  A  cross  certainly  gives  a  strong 
tendency  to  the  reappearance  of  long-lost  characters,  both 
corporeal  and  mental.  In  the  case  of  plants,  this  tendency 
is  much  stronger  with  those  species  which  have  been  crossed 
after  long  cultivation  and  which  therefore  have  had  their 
constitutions  disturbed  by  this  cause  as  well  as  by  crossing, 
than  with  species  which  have  always  lived  under  their  natural 
conditions  and  have  then  been  crossed.  A  return,  also,  of 
domesticated  animals  and  cultivated  plants  to  a  wild  state 
favours  reversion ;  but  the  tendency  under  these  circumstances 
has  been  much  exaggerated. 

When  individuals  of  the  same  family  which  differ  some* 
what,  and  when  races  or  species  are  crossed,  the  one  is  often 
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prepotent  oyer  the  other  in  transmitting  its  oharaoter.  A 
raoe  mayposaess  a  strong  power  of  inheritance,  and  yet  whdn 
crossed,  as  we  have  seen  with  trumpeterrpigeons,  yield  to  the 
prepotency  of  every  other  raocf  Prepotency  of  transmission 
may  be  eqnal  in  the  two  sexes  of  the  same  species,  but  often 
runs  more  strongly  in  one  sex.  It  plays  an  important  part 
in  4etermining  the  rate  at  which  one  race  can  be  modified  or 
wholly  absorbed  by  repeated  crosses  with  another.  We  can 
seldom  tell  what  makes  one  race  or  species  prepotent  over 
another;  but  it  sometimes  depends  on  the  same  character 
being  present  and  visible  in  one  parent,  and  latent  or  poten- 
tially present  in  the  other.  •  > . 
'  Characters  may  first  appear  in  either.. sex,  but  oftener  in 
the  male  than,  in  the  female,  and  afterwards  be  .transmitted 
to  the  ofbpring  of  the  same  sex.  In  this  case  we  may  feel 
confident  that  the  peculiarity  in  question  is  .really  present 
though  latent  in  the  opposite  sex !  hence  the  father  may 
transmit  through  his  daughter  any  character  to  his  grandson ; 
and  the;  mother  conversely  to  her  granddaughter.  We  thus 
learn,  and  the  fact  is  an  important  one,  that  transmission  and 
development  are  distinct  powers.  .  Occasionally  these  two 
powers  seem  to  be  antagonistic,  or  incapable  of  .combination 
in  the  same  individual;  for  several  cases  have  been  recorded 
in  which  the  son  has  not  directly  inherited  a  character  .from 
his  father,  or  directly  transmitted-  it  to  his  son,  but  has 
received  it  by  transmission  .through  his  non-affected  mother, 
and  transmitted  it  through  his  non-affected  daughter.  Owing 
to  inheritance,  being  limited  by  sex,  we  see  how.  secondary 
sexual  characters  may  have  arisen  under  nature ;  their 
preservation  and  accumulation  being  dependent  on  their 
service  to  either  sex. 

At  whatever  period  of  life  a  new  character  first  appears,  it 
generally  remains  latent  in  the  offspring  until  a  corresponding 
age  is  attained,  and  then  is  developed.  When  this  rule  fails, 
the  child  generally  exhibits  the  character  at  an  earlier,  period 
than  the  parent.  On  this  principle  of.  inheritance  at  corre- 
sponding periods,  we  can  understand  how  it  is  that  most 
animals  display  from  the  g^rm  to  maturity  such  a  marvellous 
succession  of  characters. 
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Finally,  ihongli  much  remains  obscure  with  respect  to  In- 
heritance, we  may  look  at  the  following  laws  as  fairly  well 
established.  Firstly,  a  tendency  in  every  character,  new  and 
old,  to  be  transmitted  by  seminal  and  bud  generation,  though 
often  counteracted  by  various  known  and  unknown  causes. 
Sooondly,  reversion  or  atavism,  which  depends  on  transmis* 
eion  and  development  being  distinct  powers:  it  acts  in 
various  degrees  and  manners  through  both  seminal  and  bud 
generation.  Thirdly,  prepotency  of  transmission,  which 
may  be  confined  to  one  sex,  or  be  common  to  both  sexes. 
Fourthly,  transmission,  as  limited  by  sex,  generally  to  the 
same  sex.  in  which  the  inherited  character,  first  appeared ; 
and  this  in  many,  probably  most  cases,  depends  on  the 
new  character  having  first  appeared  at  a  rather  late  period 
of  life.  Fifthly,  inheritance  at  corresponding  periods  of  life, 
with  some  tendency  to  the  earlier  development  of  the 
inherited  character.  In  these  laws  of  Inheritance,  as  dis- 
played under  domestication,  wo  see  an  ample  provision  for 
the  production,  through  variability  and  natural  selection,  of 
new  specific  forma. 
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CHAPTER  XV. 

ON  CBOSSING. 

ran  nmsBOBOfisnra  oblfrbatis    thb   diffkreitobb  bstwdev  allibd 

BBSKM— WHEN  TUB  NUMDEB8  OF  TWO  OOUMINGLINa  BBKSDS  ABB 
UNUQUAL,  ONB  AB80BB8  TlIB  OTIIB»— ^IB  BATB  OT  ABSOBFTION  PBTER* 
MINED  BY  PRBPOTCNGfY  OP  TBANBMiaSlON,  BY  TlIB  CONDITIONS  OP  UFB, 
AND  BY  NATUBAL  SBLB0TION-— ALL  OBGAKIO  BEINGS  OCCASIONALLY  INTBB- 
OB068;  An*ABENT  EXOBFTIONS— ON  OBBTAIN  OHARACTBBS  INCAPABIJB  OF 
fusion;  CHDEPLY  OE  EXCLUSIYBLY  THOSE  WHICH  HAVE  SUDDENLY 
AFFEaBED  in  tub  INDIYIDUAL^^N  THE  UODIPICATION  OF  OLD  BACES,  AND 
THE  VOBMATION  OF  HEW  BAOCS,  BY  OBOSSINO — SOME  CB06SED  BAOBS 
HATE  BRED  TBUB  FBOK  THEIII  FIB8T  FBODUGTION— ON  THB  CROSSING  OF 
DISTINCT  SraOIBS  IN  BBLATION  TO  TUB  FOBUATtON  OF  DOMBSTIO 
BACES. 

In  the  two  provious  chaptors,  when  disoussing  rovorsion  and 
prepoienoy,  I  was  neoessarily  led  to  give  many  facts  on 
orossing.  In.  the  present  chapter  I  shall  consider  the  part 
which  crossing  plays  in  two  opposed  directions, — firstly,  in 
obliterating  characters,  and  consequently  in  preventing  the 
formation  of  new  races ;  and  secondly,  in  the  modification  of 
old  races,  or  in  the  formation  of  new  and  intermediate  races, 
by  a  combination  of  characters.  I  shall  also  show  that  certain 
characters  are  incapable  of  fusion. 

The  effects  of  free  or  uncontrolled  breeding  between  the 
members  of  the  same  variety  or  of  closely  allied  varieties  are 
important ;  but  are  so  obvious  that  they  need  not  be  dis- 
cussed at  much  length.  It  is  free  intercrossing  which  chiefly 
gives  uniformity,  both  under  nature  and  under  domestication, 
to  the  individuals  of  the  same  species  or  variety,  when  they 
live  mingled  together  and  are  not  exposed  to  any  cause 
inducing  excessive  variability.  The  pi'evention  of  free  cross- 
ing, and  the  intentional  matching  of  individual  animals,  are 
the  comer-stones  of  the  breeder's  art.  No  man  in  his  senses 
would  ^ucpect  to  improve  or  modify  a  breed  in  any  particular 
manner,  or  keep  an  old  breed  true  and  distinct,  unless  he 
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separated  his  animals.  The  killing  of  inferior  animals  in 
each  generation  comes  to  the  same  thing  as  their  separation. 
In  savage  and  semi-civilised  countries,  where  the  inhabitants 
have  not  the  means  of  separating  their  animals,  more  than 
a  single  breed  of  the  same  species  rarely  or  never  exists.  In 
former  times,  even  in  the  United  states,  there  were  no  distinct 
races  of  sheep,  for  all  had  been  mingled  together.^  The  cele- 
brated agriculturist  Marshall'  remarks  that  "sheep  that 
are  kept  within  fences,  as  well  as  shepherded  flocks  in  open 
countries,  have  generally  a  similarity,  if  not  a  uniformity, 
of  character  in  the  individuals  of  each  flock;"  for  they 
breed  freely  together,  and  are  prevented  from  crossing  with 
other  kinds;  whereas  in  the  unenclosed  parts  of  England 
the  unshepherded  sheep,  even  of  the  same  flock,  are  far  from 
true  or  uniform,  owing  to  various  breeds  having  mingled 
and  crossed.  We  have  seen  that  the  half-wild  cattle  in 
each  of  the  several  British  parks  are  nearly  uniform  in  cha- 
racter ;  but  in  the  different  parks,  from  not  having  mingled 
and  crossed  during  many  g^enerations,  they  differ  to  a 
certain  small  extent. 

We  cannot  doubt  that  the  extraordinary  number  of  varieties 
and  sub-varieties  of  the  pigeon,  amounting  to  at  least  one 
hundred  and  fifty,  is  partly  due  to  their  remaining,  dif- 
ferently from  other  domesticated  birds,  paired  for  life  once 
matched.  On  the  other  hand,  breeds  of  cats  imported  into 
this  country  soon  disappear,  for  their  nocturnal  and  rambling 
habits  render  it  hardly  possible  to  prevent  free  crossing. 
Bengger'  gives  an  interesting  case  with  respect  to  the  cat 
in  Paraguay :  in  all  the  distant  parts  of  the  kingdom  it  has 
assumed,  apparently  from  the  effects  of  the  climate,  a  peculiar 
character,  but  near  the  capital  this  change  has  been  pre- 
vented, owing,  as  he  asserts,  to  the  native  animal  frequently 
crossing  with  cats  imported  from  Europe.  In  all  cases  like 
the  foregoing,  the  effects  of  an  occasional  cross  will  bo  aug- 
mented by  the  increased  vigour  and  fertility  of  the  crossed 
offspring,  of  which  fact  evidence  wiU  hereafter  be  given ;  for 

>  'Commnnioaiioiis  to  the  Board  of      England,'  1808,  p.  200. 
Agricnlture,'  rol.  i.  p.  i)67.  *  '  Saugethiare     Ton     Paragwiy. 

*  'ficTiaw  of  Reports,  North    of      1830,  s.  2 12, 
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this  will  lead  to  tho  mongrels  inoreamng  more  rapidly  than 
the  pure  parent-breeds. 

When'  listinct  breeds  are  allowed  to  cross  freely,  the  result 
will  be  a  heterogeneous  body;  for  instance,  the  dogs  in  Para- 
guay are  far  from  uniform,  and  can  no  longer  be  affiliated  to 
their  parent-races.^  The  character  which  a  crossed  body  of 
animals  will  ultimately  a^ume  must  depend  on  several  con- 
tingencies,— ^namely,  on  the  relative  members  of  the  individuals 
belonging  to  the  two  or  more  races  which  are  allowed  to 
mingle ;  on  the  prepotency  of  one  race  over  the  other  in  the 
tmnsmission  of  cliaractor:  and  on  the  conditions  of  life  to 
which  they  ai-e  exposed.  When  two  commingled  breeds  exist 
at  first  in  nearly  equal  numbers,  the  whole  will  sooner  or 
later  become  intimately  blended,  but  not  so  soon,  both  breeds 
being  equally  favoured  in  all  respects,  as  might  have  been 
expected.  .  The  following  calculation  '  shows  that  this  is  the 
case :  if  a  colony  with  an  equal  number  of  black  and  white 
men  were  founded,  and  we  assume  that  they  marry  indis- 
diminately,  are  equally  prolifiq,  and  that  one  in  thirty 
annually  dies  and  is  bom ;  then  *'  in  65  years  the  number  of 
blacks,  whites,  and  mulattoes  would  be  equal.  In  91  years 
the  whites  would  be  1-lOth,  the  blacks  1-lOth,  and  the 
mulattoes,  or  people  of  intermediate  degrees  of  colour, 
«  8-lOths  of  the  whole  number.  In  three  centuries  not 
"  1 -100th  part  of  the  whites  would  exist.*' 

When  one  of  two  mingled  races  exceed  the  other  greatly 
in  number,  the  latter  will  soon  be  wholly,  or  almost  wholly, 
absorbed  and  lost.*  Thus  European  pigs  and  dogs  have  been 
largely  introduced  in  the  islands  of  the  Pacific  Ocean,  and 
the  native  races  have  been  absorbed  and  lost  in  the  course  of 
about  fifty  or  sixty  years ; '  but  the  imported  races  no  doubt 
wore  favoured.  Bats  may  be  considered  as  semi-domesticated 
animals.  Some  snake-rats  (Mu8  alexandrinus)  escaped  in  the 
Zoological  Gardens  of  London,  '*  and  for  a  long  time  aftor- 

*  Rengger,  *  S&ugethiere,'   &c.,  a.  mainet/  p.  24,  first  called  attcntloo 
154.  to  this  subject,  and  ably  discussed  it. 

*  White,   'Regular  Oradation    in  '  Rer.  D.  Tjerman  and    Bennett, 
Man,'  p.  146.  <  Journal  of  Voyages,'  1821-1829,  yoL 

*  Dr.  W.  F.  Edwards,  in  his  <  Ca-  i.  p.  300. 
ract^res    Physiolog.  des  Races  Hu- 
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"  wards  the  keepers  frequently  caught  cross-bred  rats,  at 
**  first  half-breds,  afterwards  with  less  of  the  character  of  the 
**  snake-rat,  till  at  length  all  traces  of  it  disappeared.'  On 
the  other  hand,  in  some  parts  of  London,  especially  near  the 
docks,  where  fresh  rats  are  frequently  imported,  an  endless 
variety  of  intermediate  foims  maybe  found  between  the 
brown,  black,  and  snake  rat,  which  are  all  three  usually 
ranked  as  distinct  species.  '  '' 

How  many  generations  are  necessary  for  ohe  species  or  race 
to  absorb  another  by  repeated  oronses  has  often  been  dis*^ 
cussed;*  and  the  requisite  number  bas  probably  been  much 
exaggerated.  Some  writers  have  maintained  that  a  dozen 
or  score,  or  even  more  generations,  are  necessary ;  but  this  in 
itself  is  improbable,  for  in  the  tenth  generation  there  would 
be  only  1-1 024th  pai*t  of  foreign  blood  in  the  offispringi 
Gartnidr  found,^^  that  with  plants,  one  species  could  be  made 
to  absorb  another  in  from  three  to  five  generations,  and  he 
believes  that  this  could  always  be  effected  in  from  six  to 
seven  generations.  In  one  instance,  however,  E5lreuter^^ 
speaks  of  the  offspring  of  MirabUis  wdgaris^  crossed  during 
eight  successive  generations  by  Jtf.  hngiflora,  as  resembling 
this  latter  spbcios  so  closely,  that  the  most  scrupulous 
observer  could  detect  **  vix  aliquam  uotabilem  differentiam  '- 
or,  as  he  says,  lie  succeeded,  '*  ad  plenariam  fere  transmuta^ 
tionem.'*  But  this  expression  shows  that  the  act  of  absorp- 
tion was  not  even  then  absolutely  complete,  though  these' 
crossed  plantiB  contained  only  the  l-256th  part  of  M,  vulgarisi 
The  conclusions  of  such'  accurate  observers  as  Gartner  and 

r 

Eolrouter  are  of  far  higher  worth  than  those  made  without 
scientifio  aim  by  breeders.  The  most  precise  account  which 
I  have  met  with  is  given  by  Stonehenge,^'  and  is  illustrated 
by  photograplis.  Mr.  Hanley  crossed  a  greyhound  bitch  witli 
a  bulldog ;  the  offspring  in  each  succeeding  generation  being 
recrossed  with  first-rate  jgrey  hounds.    As  Stoneheuge  remarks, 

*  Mr.  S.  J.  Salter,  <  Jouraal  Linn.  crones.  Dr..  P.  Lucas,  *VUir6diU 
8oc,'  vo..  ri.,  lSij2,  p.  71.  Nat.,'  torn.  it.  p.  SOS. 

*  Sturm,  *  Ueber  Racen,  &c,'  1S25,  >*  <  Bastarderzengnng,'  s.  463,  470. 
1. 107.    Broas,  <  Geschichte  d«r  Na-  "  *  Kora  AeU  Petrop.,'  1794,  p. 
tnr,'  b.  ii.  a.  170,  giras  a  table  of  the  893 :  $ee  also  preTioos  Tolnme. 
proportioot  of  blood  after  locoessiro  "  '  The  Dog,'  1867,  pp.  179-184^ 
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it  might  oatarally  be  suppoeed  that  it  would  take  several 
orowM  to  get  rid  of  the  heavy  form  of  the  bulldog;  but 
MyBtoriGS,  llie  gr-gr-granddaughter  of  a  bulldog,  showed  no 
trace  whatever  of  this  breed  in  external  form.  She  and  all 
of  the  same  litter,  however,  were  '*  remarkably  deficient  in 
'*  stoutness,  though  fast  as  well  as  clever.'*  I  believe  clever 
refers  to  skill  in  turning.  Hysterics  was  put  to  a  son  of 
Bedlamite,  ''but  ihe  result  of  tiie  fifth  cross  is  not  as  yet,  I 
**  believe,  more  satisfactory  than  that  of  the  fourth."  On  the 
other  hand,  with  sheep,  Fleischmann  ^'  shows  how  persistent 
the  efFeots  of  a  single  cross  may  bo :  he  says  *'  that  the  original 
"  coarse  sheep  (of  Germany)  have  5500  fibres  of  wool  on  a 
**  square  inch ;  grades  of  the  third  or  fourth  Merino  cross 
'*  produced  about  bOOO,  the  twentieth  cross  27,000,  the  per* 
**  feet  pure  Merino  blood  40,000  to  48,000."  So  that  common 
Geiman  sheep  crossed  twenty  times  succcssivoly  with  Meiino 
did  not  by  any  memis  acquire  wool  as  fine  as  that  of  the  pure 
breed.  But  in  all  case-s,  the  rate  of  absoi'ption  will  depend 
largely  on  the  oonditions  of  life  being  favoumblo  to  ony 
particular  churacter ;  and  we  may  suspect  that  there  would 
be  a  constant  tendency  to  degeneration  in  the  wool  of  Merinos 
under  the  climate  of  Germany,  unless  prevented  by  careful 
selection;  and  thus  perhaps  iho  foregoing  remarkable  case 
may  bo  explained.  The  rate  of  absorption  must  also  depend 
on  the  amount  of  distinguishable  difference  between  the  two 
forms  which  are  crossed,  ana  especiaily,  as  Gartner  insists,  on 
prepotency  of  transmission  in  the  one  form  over  the  other. 
We  liave  seen  in  the  last  chapter  that  one  of  two  French 
breeds  of  sheep  yielded  up  its  character,  when  crossed  with 
Merinos,  very  much  more  slowly  than  the  other;  and  ihe 
common  German  sheep  referred  to  by  Fleischmann  may  be  in 
this  respect  analogous.  In  all  cases  there  will  be  more  or  less 
liability  to  reversion  during  many  subsequent  generations, 
and  it  is  this  foot  which  has  probably  led  authors  to  maintain 
that  a  score  or  more  of  generations  are  requisite  for  ono  race 
to  absorb  another.  In  considering  the  final  result  of  the 
commingling  of  two  or  more  breeds,  we  must  not  forget  that 

I*  Asqaoted  in  the  ^  True  Principles  of  Breeding,'  bj  C.  U.  Macknlght 
4nd  Dr.  II.  Madden,  1865,  p.  11. 
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the  act  of  oi'ossing  in  itself  tends  to  bring  back  long-losi 
cbaraoteiB  not  proper  to  tbe. immediate  parent-forms. 

With  respect  to  the  influence  of  the  conditions  of  life  on 
an  J  two  breeds  which  are  allowed  to  cross  freely,  nnless  both 
are  indigenous  and  have  long  been  accustomed  to  the  oouatry 
where  they  live,  they  will,  in  all  probability,  be  unequally 
affected  by  the  conditions,  and  this  will  modify  the  result 
Even  with  indigenous  breeds,  it  will  rarely  or  never -occur 
that  both  are  equally  well  adapted  to  the  surrounding  cir- 
cumstances ;  more  especially  when  permitted  to  roam  freely, 
and  not  carefully  tended,  as  is  generally  the  case  with  breeds 
allowed  to  cross.  As  a  consequence  of  this,  natural  seloctioo 
will  to  a  certain  extent  come  into  action,  and  the  best  fitted 
will  survive,  and  this  will  aid  in  determining  the  ultimate 
character  of  the  commingled  body. 

How  long  a  time  it  would  require  before  such  a  crossed  body 
of  animals  would  assume  a  uuifonn  character  within  a  limited 
area,  no  one  can  say;  that  they  would  ultimately  become 
uniform  from  free  intercrossing,  and  from  the  survival  of  the 
fittest,  we  may  feel  assured ;  but  the  characters  thus  acquired 
would  rarely  or  never,  as  may  be  inferred  from  the  previous 
considerations,  be  exactly  intermediate  between  those  of  the 
two  parent-bi'eeds.  With  respect  to  the  very  slight  differences 
by  which  the  individuals  of  the  same  sub-variety,  or  even  of 
allied  varieties,  are  characterised,  it  is  obvious  that  free 
crossing  would  soon  obliterate  such  small  distinctions.  The 
formation  of  new  varieties,  independently  of  selection,  would 
also  thus  be  prevented;  except  when  the  same  variation 
continually  recurred  from  the  action  of  some  strongly  pre- 
disposing cause.  Wo  may  thoreforo  conclude  that  free 
crossing  has  in  ull  cases  played  an  important  part  in  giving 
uniformity  of  character  to  all  the  members  of  tho  same 
domestic  race  and  of  the  same  natural  species,  though  largely 
governed  by  natural  selection  and  by  the  direct  action  of  the 
surrounding  conditions. 

On  the  possibility  of  aXl  organic  heinga  oceasiotiaUy  intercrossing, 
-—But  it  may  be  asked,  can  free  crossing  occur  with  herma- 
phrodite animals  and  plants  ?  .All  the  higher  animals,  and 
the  few  insects  which  have  been  domesticated,  have  sepaiato 
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80X68,  and  must  ineyitablj  unite  for  eaoh  birth.  With  respoct 
to  the  crossing  of  hennaphrodites,  the  subject  is  too  large  for 
the  present  volume,  but  in  the  '  Origin  of  Species/  I  have 
given  a  short  abstract  of  the  reasons  which  induce  me  lo 
believe  that  all  organic  beings  occasionally  cross,  though 
J>erhaps  in  some  cases  only  at  long  intervals  of  time.^^  I 
will  merely  recall  the  fact  that  many  plants,  though  herma- 
phrodite in  structure,  are  unisexual  in  function; — such  os 
those  called  by  0.  K.  Sprengel  diehogamoug^  in  which  the 
pollen  and  stigma  of  the  same  flower  are  matured  at  ditferent 
periods ;  or  those  called  by  me  reciprocally  dimorphic^  in  which 
the  flower's  own  pollen  is  not  fitted  to  fertilise  its  own 
stigpna ;  or  again,  the  many  kinds  in  which  curious  mechani- 
cal contrivances  exist,  effectually  preventing  self-fertilisation. 
There  are,  however,  many  hermaphrodite  plants  wnich  are  not 
in  any  way  specially  constructed  to  favour  intercrossing,  but 
which  nevertheless  commingle  almost  as  freely  as  animals 
with  separated  sexes.  This  is  the  case  with  cabbages, 
radishes,  and  onions,  as  I  know  from  having  experimented  on 
them :  even  the  peasants  of  Liguria  say  that  cabbages  must 
be  prevented  *'from  falling  in  love''  with  each  other.  In 
the  orange  tribe,  Gallesio  ^*  remarks  that  the  amelioration  of 
the  various  kinds  ia  checked  by  their  continual  and  almost 
regular  crossing.     So  it  is  with  numerous  other  plants. 

On  -the  other  hand,  some  cultivated  planta  rarely  or  never 
intercross,  for  *  instance,  the  common  pea  and  sweet-pea 
(Laihyrui  odoraiUM);  yet  their  flowers  are  certainly  adapted 
for  cross  fertilisation.  The  varieties  of  the  tomato  and 
aubergine  (Sotanum)  and  the  pimenta  {Pimenta  vulgari$?) 
are  said  ^*  never  to  cross,  even  when  growing  alongside  one 
another.  But  it  should  be  observed  that  these  are  all  exotic 
plants,  and  we  do  not  kiiow  how  they  would  behave  in  their 
native  country  when  visited  by  the  proper  insects.    With' 

*  I 

>^  With  ratp«et  to  planti,  an  admir-  appmrod  on  the  lAroe  tnbjeot,  mor« 

able  onair  on  thii  lubjoct  (Die  Gosch-  espocialljr  bj  Ilerniann  Muller  and 

lechier-V  ertlieilung  bei  den  Pilanzen :  Delpino. 

1867)  hae  been  publUhed  bj  Dr.  Hil-    .      »  <  Teoria  della  Riprodnzione  Vege- 

debrand,  who  arrires  at  the  tame  tal,'  1816,  p.  12. 
general  eonclnsioni  at  I  hare  done.  >*  Verlot,  *  Dei  Vari^Ua,'  1865,  p, 
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respect  to  the  oommon  pea,  I  ha^veaecertained  that  it  is 
rarely  crossed  in  this  conntty  owing  to  prcmat.ui*e  fertilise 
ation.  There  exist,  however,  some  plants  iwhich  under  their 
natural  conditions  ap|iear  to  bo  always  8elf-fertili:ied,  huch  as 
thj  Bee  Ophryd  (Ophrytapifera)Mid9k  few  other  Orchi(i9'; 
yet  these  plants  exhibit  the  plainest  adaptations  for  cross^ 
fertilisation.  Again^  some  few  plants  are  believed  to  produce 
only  closed  flowers,  called  cleistogene,  which  cannot  possibly 
be  crossed,  lliis '  was  long,  thought  to  be  the  ca^e  with  'the 
Leer$ia  oryMcide$,^''  but  this  grass  is  now  known  occasionally 
to  produce  perfect  flowers,  which  cet  seed. 

Although  some  plants,  both  indigenous  4nd  naturalised, 
rarely  or  never  produce  flowers,  or  if  they  flower  never 
produce  seeds,  yet  no  one  doubts  that  phanerogamic  plantil 
are  adapted  to  produce  flowers,  and  the  flowers  to  produce 
seed.  When  they  fail,  t^o  believe  that  fruch  plant:!  under 
different  conditions  would  perform  their  proper  function,  or 
that  they  formerly  did  so,  ond  will  do  so  again.  •  On  analog 
gous  grounds,  I  believe  that  the  flower<i  in  th^  above  specified 
anomalous  cases  which  do  not  now  intercross,  either  would 
do  so  occasionally  under  different  conditions,  or  that  they 
formerly  did  so— the  means  for  affecting  this  being  generally 
still  retained^^and  will  again  intercross  at  some '  future 
period,  unless  indeed  they  become  extinct.  On  this  view 
alone,  many  points  in  the  structure  and  action  of  the  repro- 
duclive  organs  in  hermaphrodite  plants  and  animals  are  in- 
telligible,— for  instance,  the  fact  of  the  male  and  female  organs 
never  being  so  completely  enclosed  as  to  render  access  from 
without  impossible.  Hence  we  may  conclude  that  the  most 
important  of  all  the  means  for  giving  uniformity  to  the  in- 
dividuals of  the  same  species,  namely,  the  capacity  of  oo- 
qasionally  intercrossing,  is  present,  or  has  been  formerly 
present,  with  all  organic  beings,  except,  perhaps,  some  of 
the  lowest. 

On  certain  Characters  not  blending. — When  two  breeds  are  crossed 
their  characters  usually  become  intimately  fosed  together;  but 

>'  DuTal  Joure,  'Bull.  Soe.  Bot.      setting  s«ed,  see  Dr.  Afohtnon  In '  BoU 
de  Franee,'  torn,  i.,  1868,  p.   194.      Zeitung,'  1864,  p.  850. 
With  itsp«Gt  to  th«  perfect  flowers 
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goiAa  characters  refose  to  blend,  and  axe  transmitted  in  an  un« 
modified  state  either  from  both  parents  or  from  one.  When  grey 
and  white  mice  are  paired,  the  young  are  piebald,  or  pare  white  or 
grey,  but  not  of  an  intermediate  tint;  so  it  is  when  white  and 
common  collared  turtle-doves  are  paired.  In  breeding  Game  fowls, 
a  great  authority,  Mr.  J.  Douglas,  remarks,  "  I  may  here  state  a 
"  strange  fact:  if  you  cross  a  black  with  a  white  game,  you  get 
"  birds  of  both  breeds  of  the  clearest  colour."  Sir  K.  Heron  crossed 
during  many  years  white,  black,  brown,  and  fiiwn-coloured  Angora 
rabbits,  and  never  once  got  these  colours  mingled  in  the  same 
animal,  but  often  all  four  colours  in  the  same  litter."  From  cases  like 
these,  in  which  the  colours  of  the  two  parents  are  transmitted  quite 
separately  to  the  offspring,  we  have  all  sorts  of  gradations,  leading 
to  complete  fusion.  I  will  give  an  instance :  a  gentleman  with  a 
fair  complexion,  light  hair  but  dork  eyes,  married  a  lady  with  dark 
hair  and  complexion :  their  three  children  have  very  light  hair,  but 
on  careful  search  about  a  dozen  black  hairs  were  found  scattered  in 
the  midst  of  the  light  hair  on  the  heads  of  all  three. 

When  turnspit  dogs  and  ancon  sheep,  both  of  which  have  dwarfed 
limbs,  are  crossed  with  common  breeds,  the  ofbpring  are  not  inter* 
mediate  in  sti*ucture,  but  take  after  cither  parent.  When  tailless  or 
hornless  animals  are  crossed  with  perfect  animals,  it  frequently,  but 
by  no  means  invariably,  happens  that  the  offspring  are  either 
furnished  with  these  organs  in  a  perfect  state,  or  are  quite  destitute 
of  them.  According  to  Uengrger,  the  hairless  condition  of  the 
Paraguay  dog  is  either  perfectly  or  not  at  all  transmitted  to  its 
mongrel  ofifopring;  but  I  have  seen  one  partial  exception  in  a  dog 
of  this  parentage  which  liad  part  of  its  skin  hairy^  and  part  naked, 
the  ports  being  distinctly  separated  as  in  a  piebald  animal.  When 
Dorking  fowls  with  five  toes  are  crossed  with  other  breeds,  the 
chickens  often  have  five  toes  on  one  foot  and  four  on  the  other. 
Some  crossed  pigs  raised  by  Sir  B.  Heron  between  the  solid-hoofed 
and  common  pig  had  not  all  four  feet  in  an  intermediate  condition, 
but  two  feet  were  furnished  with  properly  divided,  and  two  with 
united  hoo&. 

Analogous  facts  have  been  observed  with  plants :  Major  Trevor 


*•  Extract  of  &  letter  from  Sir  R. 
Heron,  1838,  given  me  by  Mr.  Yarrell. 
With  respect  to  mice,  *«  *  Annal.  des 
Sc  Nat.,'  torn.  i.  p.  180;  and  I  have 
hostrd  of  other  similar  ca^es.  For 
turtle-dores,  Boltard  and  Corbi^  *  Les 
Pigeons,'  &&,  p.  238.  For  the  Oamo .. 
fowl,  «The  Poultry  Book,'  1866,  p. 
138.  For  crosses  of  tailless  fowls, 
$ot  Be^hstein,  *Naturge>.  Deutsch.' 
b.  iii.  s.  403.  Bronn,  <Geschichte 
der  Natur,'  b.  ii.  s.  170,  sires  analo- 
gous facts  with  horses.    Cfn  the  hair- 


less condition  of  crossed  South  Ameri- 
can dogs,  aee  Kengger, '  Saugethiere 
Ton  Paraguay,'  s.  152 :  but  1  saw  in 
the  Zoological  Gardens  mongrels, 
from  a  similar  cross,  which  were 
hairless,  quite    hairy,  or    hnirr  in 

fetches,  that  is,  piobald  with  hair, 
or  crosses  of  [pricing  and  other 
fowls,  900  *  Poultry  Chronicle,'  rol.  it 
p.  355.  About  the  crossed  pigs,  ex- 
tract of  letter  from  Sir  R.  Heron  to 
Mr.  ITarrell.  For  other  cases,  «m  P. 
Lucas,  <  L'HtfrM.  Nat.'  tom.i.  p.  S1& 
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Clarke  crossed  the  little,  glabrous-leayed,  annual  stock  (Mathiola), 
mih  pollen  of  a  large,  red-flowered,  roiigh-leayed,  biennial  stock, 
called  eocartUau  by  the  French,  and  the  resnlt  was  that  half  the 
seedlings  bod  glabrous  and  the  other  half  rongh  leaves,  bat  none 
had  leaTcs  in  an  intermediate  state.  That  the  glabrous  seedlincs 
were  the  product  of  the  rough-leaved  variety,  and  not  accidentally 
of  the  mother-plant's  own  pollen,  was  shown  by  their  tall  and 
strong  habit  of  growth.^  In  the  succeeding  generations  raised 
from  the  rough-leaved  crossed  seedlings,  some  glabrous  plants 
appeared,  showing  that  the  glabrous  character,  though  incapable 
of  blending  with  and  modifying  the  rough  leaves,  was  all  the  time 
latent  in  this  family  of  plants.  The  numerous  plants  formerly 
referred  to,  which  I  raised  from  reciprocal  crosses  between  the 
peloric  and  common  Antirrhinum,  offer  a  nearly  parallel  case ;  for 
m  the  first  generation  all  the  plants  resembled  the  common  form, 
and  in  the  next  generation,  out  of  one  hundred  and  thirtyHseven 
planto,  two  alone  were  in  an  intermediate  condition,  the  others 
perfectly  resembling  either  the  peloric  or  common  form.  Major 
\hrevor  Clarke  also  fertilised  the  above-mentioned  red-flowerod 
stock  with  pollen  from  the  purple  Queen  stock,  and  about  half  the 
seedlings  scarcely  differed  in  habit,  and  not  at  all  in  the  red  colour  of 
the  flower,  from  the  mother-plant,  the  other  half  bearing  blossoms 
of  a  rich  purple,  closely  like  those  of  the  paternal  plant  Gartner 
crossed  many  white  and  yellow-flowered  species  and  varieties  of 
Verboscum;  and  these  colours  were  never  blended,  but  the  off- 
spring bore  either  pure  white  or  pure  yellow  blossoms ;  the  former 
in  the  birger  proportion.^  Dr.  Herbert  raised  many  seedlings,  as 
he  informed  me,  from  Swedish  turnips  crossed  by  two  other 
varieties,  and  these  never  produced  flowers  of  an  intermediate  tint, 
but  always  like  one  of  their  parents.  I  fertilised  the  purple  sweet* 
pea  (LathyruB  odorcUua),  which  has  a  dork  reddish-purple  standani- 
petal  and  violet-colouied  wings  and  keel,  with  pollen  of  the  painted 
lady  sweet-pea,  which  has  a  pale  cherry-coloured  standard,  and 
almost  white  wings  and  keelj  and  from  the  same  pod  I  twice 
raised  pkints  perfectly  resemblmg  both  sorts;  the  greater  number 
resembling  the  father.  So  perfect  was  the  resemblance,  that  I 
should  have  thought  there  had  been  some  mistake,  if  Uie  plants 
which  were  at  first  identical  with  the  paternal  variety,  namely,  the 
X)ainted-lady,  hod  not  later  m  the  season  produced,  as  mentioned  in 
a  former  chapter,  flowers  blotched  and  streaked  with  dark  purple. 
I  raised  grandcluidren  and  great-grandchildren  from  these  croraed 

Slants,  and   tiiey  continued  to  resemble   the  painted-lady,  but 
uring  later  generations  became  rather  more  blotched  with  purple, 
yet  none  reverted  completely  to  the  original  mother-plant,  the  purple 

**  *  Internnt.  Hort.  and  Bot.  Con-  diato  tints  from  timilar  crossM  In  tho 

grass  of  liOndon,'  1SG6.  genua  Verbascum.    With  raspaet  to 

**  '  Bastardersaugang,'     t.     807.  the  turnips,  «m  Herbert's  '  AmarylU* 

Kolrenter  ( *  Dritte  Kortsetszung,'  s.  dacea,'  1837,  p.  870. 
34,  39),  howeyer,  obtained  interme- 
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sweet-petL  The  following  case  fa  dightly  different,  bat  still  shows  the 
same  prindple ;  Naudinf  raised  nnmerons  hybrids  between  the 
yeWow  .Linan'a  vulgarii  and  the  purple.  L,  purpurea,  and  during 
three  socoessive  generations  the  eolonrs  kept  difitinot  in  different 
ports  of  the  same  flower. 

:  f*rom  cases  such  as  the  foregoing,  in  whjoh  the  oflsprinff  of  the  first 
generation  perfectly,  resemble  either  parent,  we  come  by  a.  smuU 
step  .to. those,  oases  in  which  differently  coloured  flowers  borne  on 
the  same  root  resemble  both  parents,  and  by  another  step  to  those 
in  which  the  same. flower  or  fruit,  is  striped  or  blotched  with 
the  two  parental  colours,  or  bears  a  single  stripe  of  the  colour  or 
other  characteristic  quality  of  one  of  the  parent-forms.  With  hybrids 
and  mongrels,  it  frequently  or  even  generally  happens  that  one  part 
of  the- body  resembles  more  or  less  closely  one  parent  and  another 
part  the  other  parent ;  and  here  again  some  resisteuce  to  fusion,  or, 
what- comes  to  the  same  thing,  some  mutual  affinity  between  the 
organic  atoms  of  the  same  nature,  apparently  comes  into  play,  for 
otherwise .  all  ports  of  the  body  would  be  equall)r  intermediate  in 
diaraoter..  So  again,  when  the  offspring  of  hybrids  or  moninrels, 
which  ara  themselyes  nearly  interroediiite  in  character,  revert  either 
wholly  or  by  segments  to  their  ancestors,  the  principle  of  the 
affinity  of  similar,  or  tlie  repulsion  of  dissimilar  atoms,  must  come 
into  action.  To  this  principle,  which  seems  to  be  extremely,  general, 
we  shall  recur  in  the  chapter  on  pangenesis.  .  .     . 

It  is  remarkable,  as  has  been  strongly  insisted  upon  by  Isidore 
Geoffroy  St  Hilaire  in  regard  to  animals,  that.the  transmission  of 
characters  without  fusion  occurs  very  rarely,  when  species  are 
crossed;  I  know. of  one  exception  alone,  namdy,  with  the  hybrids 
naturally  mroduced  between  tne  common  and  hooded  crow  (Corvua 
earone  ana  comix),  which,  however,  are  closely  allied  species; 
differing  in  nothing  except  colour. .  .Nor  have  1  met  with  any  well- 
ascertained  cases  of  transmission  of  this  kind,  even  when  one  form 
is  strongly  prepotent  over  another,  when  two  races  are  crossed 
which  .have  been  slowly  formed  by  man's  selection,  and  therefore 
resemble  to  a  certain  extent  natural  species.  Such  cases  as  puppies 
in  the  same  litter  closely  resembling  two  distinct  breeds,  are 
probably  due  to.superfoetation, — that  is,,  to  the  influence  of  two 
mthers.  >  All  the  characters  above  enumerated,  which  are  trans- 
mitted in  a  perfect  state' to  some  of  the  offspring  and  not  to  others, 
— such  as  distinct  colours,  nakedness  of  skin,  smoothness  of  leaves, 
absence  of  horns  or  tail,  additional  toes,  pelorism,  dwarfed  structure, 
&o., — ^have  all  been  known  to  appear  suddenly  in  individual  animals 
and  plants.  From  this  fact,  and  from  the  several  slight,  aggregated 
differences  which  distinguish  domestic  races  and  species  from  one 
another,  not  being  liable  to  this  peculiar  form  of  transmission,  we 
may  conclude  that  it  is  in  some  way  connected  with  the  sudden 
appearance  of  the  characters  in  question. 


**  'Nouvvlles  Areklrtf  dn  MuMum,'  toxa.  i.  p.  lOOL 
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On  ihe  Modifioalion  of'  M  Baees  and  the  FomuUian  of  new 
Baces  by  Crossing. — We  liave  hitherto  chiefly  considered  the 
effects  of  crosaing  in  giving  nniformity  of  character;  we 
miiBt  now  look  to  an  opposite  result.  There  can  bo  no  donbt 
that  crossing,  with  the  aid  of  rigorous  selection  during 
several  generations,  has  been  a  potent  means  in  modifying 
old  races,  and  in  forming  new  ones.  Lord  Orford  crossed  his 
famous  stud  of  greyhounds  once  with  the  bulldog,  in  order  to 
give  them  courage  and  perseverance.  Certain  pointers  have 
been  crossed,  as  I  hear  fmm  the  Rev.  W.  D.  Fox,  with  the 
foxhound,  to  give  them  dash  and  speed.  Certain  strains  of 
Dorking  fowls  have  liad  a  slight  infusion  of  Game  blood ; 
and  J.  have  known  a  great  fancier  who  on  a  single  occasion 
crossed  his  turbit-pigeons  with  barbs,  for  the  sake  of  gaining 
greater  breadth  of  beak. 

In  the  foregoing  cases  breeds  have  been  crossed  once,  for 
tho  sake  of  modifying  some  particular  character;  but  with 
most  of  the  improved  races  of  the  pig.  which  now  breed  true, 
there  have  bean  repeated  crosses, — for  instance,  the  improved 
Essex  owes  its  excellence  to  repeated  crosises  with  Ihe  Neapo- 
litan, together  probably  with  some  infusion  of  Ohiuese  blood.  ^' 
So  with  our  British  sheep  :  almost  all  the  races,  except  the 
Southdown,  have  been  largely  cfossed;  'Hhis,  in  fact,  has 
been  the  history  of  our  principal  breeds.*'**  To  give  ah 
example,  the  *'  Oxfordshire  Downs  "  now  rank  as  an  estab- 
lished breed.**  They  were  produced  about  the  year  1830  by 
crossing  *'  Hampshire  and  in  some  instances  Southdown  ewes 
with  Gotswold  rams : "  now  the  Hampshire  ram  was  itself 
produced  by  repeated  crosses  between  the  native  Hampshire 
sheep  and  Southdowns ;  and  the  long-woolled  Cotswold  were 
improved  by  crosses  with  the  Leicester,  which  latter  again  in 
believed  to  have  been  a  cross  between  several  long-woolled 
sheep.      Mr.  Spooner,  after  considering  the  various  ca6ea 

Richardson,  *  Pigs,'  1847,  pp.  87,      pari  It. :  aee  also  an  equally  ^ood 
S.  Sidney's  edition  of  *  Youatt  on      article  br  Mr.  Ch.  Howard,  in  * 
the  Pig,'  1800,  p.  3.  doner's  Chronicle^'  1880,  p.  820. 


42;  S.  Sidney's  edition  of  *  Youatt  on      article  hr  Mr.  Ch.  Howard,  in  <  Gar* 
e  Pig,' 1800,  p.  3.  doner's  Chronicle^' 1880,  p<  820.  ; 

s*  See  Mr.  W.  a  Spooner's  excel-  ■«  *  Gardener's  Chroniefe,^  1857,  ppi 


lent  uaper  on  Cross-Breeding, '  Jour*      640,  653. 
sal  Kojral  Agricul^,  Soe.,'  vol. .  xjl. 
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whioh  have  been  carefully  recorded,  concludes,  "  that  from  a 
judicious  pairing  of  cross-bred  animals  it  is  practicable  to 
establish  a  new  breed."  On  the  continent  the  history  of 
several  crossed  races  of  cattle  and  of  other  animals  has  been 
well  ascei'tained.  To  give  one  instance :  the  King  of  Wurtem- 
burg,  after  twenty-five  years'  careful  breeding,  that  is,  after 
six  or  seven  generations,  made  a  new  breed  of  cattle  from  a 
cross  between  a  Dutch  and  a  Swiss  breed,  combined  with  other 
breeds.^*  The  Sebright  bantam,  which  breeds  as  true  as  any 
other  kind  of  fowl,  was  formed  about  sixty  years  ago  by  a 
complicated  cross.^*  Dark  Brahmas,  which  are  believed  by 
fiome  fanciers  to  constitute  a  distinct  species,  were  un- 
doubtedly  formed^^  in  the  United  States,  within  a  recent 
period,  by  a  cross  between  Chittagongs  and  Cochins.  With 
plants  there  is  little  doubt  that  the  Swede-turnip  originated 
from  a  cross;  and  the  history  of  a  variety  of  wheat,  raised 
from  two  very  distinct  varieties,  and  which  after  six  years' 
culture  presented  an  even  sample,  has  been  recorded  on  good 
authority." 

Until  lately,  cautious  and  experienced  breeders,  though 
not  averse  to  a  single  infusion  of  foreign  blood,  were  al* 
most  universally  convinced  that  the  attempt  to  establish  a 
new  race,  intermediate  between  two  widely  distinct  races, 
was  hopeless :  '*  they  clung  with  superstitious  tenacity  to  the 
'*  doctrine  of  purity  of  blood,  believing  it  to  be  the  ark  in 
''  which  alone  true  safety  could  be  found."  ^'  Nor  was  this 
conviction  unreasonal)le :  when  two  distinct  races  are  crossed, 
the  ofispring  of  the  first  generation  are  generally  nearly  uni- 
form in  character ;  but  even  this  sometimes  fails  to  be  the 
case,  especially  with  crossed  dogs  and  fowls,  the  young  of 
which  from  the  first  are  sometimes  much  diversified.  As 
cross-bred  animals  are  generally  of  large  size  and  vigorous, 
they  have  been  raised  in  great  numbers  for  immediate  con- 
sumption.   But  for  breeding  they  are  found  utterly  useless ; 

»  <  Bulletin  d«  la  Socd'AoclimAi.,*  »  «Tho  Poaltry  Book,'  by  W.  B. 

1862,  torn.  iz.  p.  463.     Sdo  also,  for  Tegetmeier,  1866,  p.  58. 

other  caMt,  MM.  Moll  and    Gajot,  **  'Gardener's    Chronicle,'    1832, 

*  Vn  BcDuf/  1860,  p.  zxzii.  p.  765. 

**  '  Poaltry    Chronicle/    toL    il.,  **  Spooner,  in  *  Journal  Rojal  Agri- 

1854,  p.  S6.  colt.  Soc.,'  ?oL  ^,  part  ii. 
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for  though  thej  may  ihemaelTes  l>e  uniform  in  bharooter, 
they  yield  during  many  generations  astonishingly  diversified 
offspring.  The  breeder  is  driven  to  despair,  and  condudes 
that  ho  will  never  form  an  intermediate  race.  But  from  the 
cases  already  given,  and  from  others  whioh  have  been  re- 
corded, it  appears  that  patience  alone  is  necessary ;  as  Mr. 
Spooner  remarks,  "nature  opposes  no  barrier  to  successful 
admixture ;  in  the  course  of  time,  by  the  aid  of  selection  and 
careful  weeding,  it  is  practicable  to  establish  a  new  breed." 
After  six  or  seven  generations  the  hoped-for  result  will  in 
most  cases  be  obtained ;  but  even  then  an  occasional  reversion, 
or  failure  to  keep  true,  may  be  expected.  The  attempt, 
however,  will  assuredly  fail  if  the  conditions  of  life  bo 
decidedly  unfavourable  to  the  characters  of  either  parent* 
breed.*® 

Although  the  grandchildren  and  succeeding  generations 
of  cross-bred  animals  are  generally  variable  in  an  extreme 
degree,  some  curious  exceptions  to  the  rule  have  been  observed 
both  with  crossed  races  ^  and  species.  Thus  Boitard  and 
Corbi^  '^  assert  that  from  a  Pouter  and  a  Bunt  '*  a  Gavalier 
will  appear,  which  we  have  classed  amongst  pigeons  of  pure 
race,  because  it  transmits  all  its  qualities  to  its  posterity." 
The  editor  of  the  '  Poultry  Chronicle  *  ^  bred  some  bluish 
fowls  from  a  black  Spanish  cook  and  a  Malay  hen ;  and  these 
remained  true  to  colour  '*  generation  after  general  ion."  The 
Himalayan  breed  of  rabbits  was  certainly  formed  by  crossing 
two  sub-varieties  of  the  silver-grey  rabbit ;  although  it  sud- 
denly assumed  its  present  character,  which  differs  much  from 
that  of  either  parent-breed,  yet  it  has  ever  since  been  easily 
and  truly  propagated.  I  crossed  some  Labrador  and  Penguin 
ducks,  and  recroesed  the  mongrels  with  Penguins ;  afterwards 
most  of  the  ducks  reared  during  three  generations  were  nearly 
uniform  in  character,  being  brown  with  a  white  crescentio 
mark  on  the  lower  part  of  the  breast,  and  with  some  white 
spots  at  the  base  of  the  beak ;  so  that  by  the  aid  of  a  little 
selection  a  new  breed  might  easily  have  been  formed.    With 

*•  See   Colin*8  'TraiU    da    Phj*.       woll  treated. 
Comp.    def    Animaiu   DomesUquee,'  "  '  Les  Pigeons,'  p.  37. 

torn.  il.  p.  536,  wher*  this  subject  is  *■  Vol.  i.,  1S54,  p.  101. 
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rogard  to  oroflsod  variotiee  of  plantB,  Mr.  Beaton  romarks^ 
tliat  **  Melville's  extraordinary  cross  between  the  Sootch  kale 
and  an  early  oabbage  \a  as  true  and  genuine  as  any  on  record ;" 
but  in  tliis  case  no  doubt  selection  was  practised.  O^lrtner  ^ 
has  given  five  cases  of  hybrids,  in  which  the  progeny  kept 
constant ;  and  hybrids  between  Diardhi*  armeria  and  deUoides 
remiiined  true  and  uniform  to  the  tenth  generation.  Dr. 
Herbert  likewise  showed  mo  a  hybrid  from  two  species  of 
Loasa  which  from  its  first  production  had  kept  constant 
during  several  generations. 

We  have  seen  in  the  first  chapter,  that  the  eeveral  kinds 
of  dogs  are  almost  certainly  descended  from  moro  than  one 
speciesf,  and  so  it  is  with  cattle,  pigs  and  some  other  domesti- 
cated animals.  Hence  the  crossing  of  aboiiginally  distinct 
hpecies  probably  came  into  play  at  an  early  period  in  the 
formation  of  our  present  races.  From  Ktttimeyer's  obsei'va- 
tions  there  can  be  little  doubt  that  this  occurred  with  cattle; 
but  in  most  cases  one  form  will  probably  liave  absorbed  and 
obliterated  the  other,  for  it  U  not  likely  that  semi-civilized 
men  would  have  taken  the  necessary  pains  to  modify  by 
selection  their  commingled,  crossed,  and  fluctuating  stock. 
Keverthelees,  those  animals  which  were  best  adapted  to  their 
conditions  of  life  would  have  survived  through  natural 
selection;  and  by  this  means  crossing  will  often  have  in- 
directly aided  in  the  formation  of  primeval  domesticated 
breeds.  Within  recent  times,  as  far  as  animals  are  concerned, 
the  crossing  of  distinct  species  has  done  little  or  nothing  to- 
wards the  formation  or  modification  of  our  races.  It  is  not  yet 
known  whether  the  several  species  of  silk-moth  which  have 
been  recently  crossed  in  France  will  yield  permanent  races. 
With  plants  which  can  be  multiplied  by  buds  and  cutting^, 
hybridisation  has  done  wonders,  as  with  many  kinds  of  Boses, 
Bhododendrons,  Pelargoniums,  Calceolarias,  and  Petunias. 
Nearly  all  those  plants  can  bo  propagated  by  seed,  most  of 
tliem  freely ;  but  extremely  few  or  none  come  true  by  seed. 

Some  authors  believe  that  crossing  is  the  chief  cause  of 
variability, — that  is,  of  the  appearance  of  absolutely  new 

**  *Cottag«   Oaidtner,'    IS.*^,    p.  **  *  Battard^rmgnng,' i.  558. 
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ohoracters.  Some  have  gone  so  far  as  to  look  at  it  as  the 
sole  cause;  but  this  oondusion  is  disproved  hy  the  facts 
given  in  the  chapter  on  Bud-variation.  The  belief  that 
characters  not  present  in  either  parent  or  in  their  ancestors 
frequently  originate  from  crossing  is  doubtful;  that  thoy 
occasionally  do  so  is  probable ;  but  this  subject  will  be  more 
conveniently  discussed  in  a  future  chapter  on  the  causes  of 
Variability.  . 

A  condensed  summary  of  this  and  of  the  three  following 
chapters,  together  with  some  remarks  on  Hybridism,  will  be 
given  in  the  niaeteenth  chapter. 
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continue  pure.**  In  different  parts  of  the  Falkland  Islands 
the  cattle  are  breaking  up  into  herds  of  diffei*ent  oolouis; 
and  those  on  the  higher  ground,  which  are  generally  white, 
usually  bi-ced,  aS  I  am  informed  by  Sir  J.  Sulivan,  three 
months  earlier  than  those  on  the  lowland ;  and  this  would 
manifestly  tend  to  keep  the  herds  from  blending. 

Certain  domestic  races  seem  to  prefer  breeding  with  their 
own  kind ;  and  this  is  a  fact  of  some  importancei  for  it  is  a  step 
towai-ds  that  instinctive  feeling  which  helps  to  keep  closely 
allied  species  in  a  state  of  nature  distinct.  Wo  have  now 
abundant  evidence  that,  if  it  were  not  for  this  feeling,  many 
more  hybrids  would  be  naturally  produced  than  in  this  case. 
We  have  seen  in  the  first  chapter  that  the  alco  dog  of  Mexico 
dislikes  dogs  of  other  breeds;  and  the  hairless  dog  of 
Paraguay  mixes  less  readily  with  the  European  3*aces,  than 
the  latter  do  with  each  other.  In  Germany  the  female  Spitz* 
dog  is  said  to  receive  the  fox  more  readily  tlian  will  other 
dogs ;  a  female  Australian  Dingo  in  England  attracted  the 
wild  male  foxes.  But  those  difierences  in  the  sexual  instinct 
and  attractive  power  of  the  various  breeds  may  be  wholly 
due  to  their  descent  from  distinct  species.  In  Paraguay  the 
horses  have  much  freedom,  and  an  excellent  observer  ^  believes 
that  the  native  horses  of  the  some  colour  and  size  prefer 
associating  with  each  other,  and  that  the  horses  which  liave 
been  imported  from  Entre  Bios  and  Banda  Oriental  into 
PjBiraguay  likewise  prefer  associating  together.  In  Circassia 
six  Bub-i*aces  of  the  horse  have  received  distinct  names ;  and 
a  native  proprietor  of  rank*  asserts  that  horses  of  three  of 
these  races,  whilst  living  a  free  life,  almost  always  refuse  to 
mingle  and  cross,  end  will  even  attack  one  another. 

It  has  been  observed,  in  a  district  stocked  with  heavy 
Lincolnshire  and  light  Norfolk  sheep,  that  both  kinds,  though 
bred  together,  when  turned  out,  "  in  a  short  time  separate  to 
a  sheep ; "  the  Linoolnshires  drawing  off  to  the  rich  soil,  and 
the  Norfolks  to  their  own  dry  light  soil ;  and  as  long  as  there 
is  plenty  of  g^rass,  **the  two  breeds  keep  themselves  as 

*  Rengger, '  S&ugethitre  ron  Para-      and  De  QuatrefagM,  in  <  Ball.  Soa 
guar,'  a.  S36.  d'Aeelimat.,'  torn.  Yiii.,  Jaly,  1861, 

*  See  %  memoir  b/  KM.  Lharbatta      p.  312. 
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distinct  as  rooks  and  pigeons."  In  this  case  diJBferent  habits 
of  life  tend  to  keep  the  races  distinct.  On  one  of  the  Faroe 
islands,  not  more  than  half  a  mile  in  diameter,  the  half-wild 
native  black  sheep  are  said  not  have  readily  mixed  with  the 
imported  white  sheep.  It  is  a  more  corions  fact  that  the 
semi-monstrous  ancon  sheep  of  modem  origin  *'have  been 
observed  to  keep  together,  separating  themselves  from  the 
rest  of  the  flock,  when  put  into  endpsuros  withothei  sheep.'** 
With  respect  to  fallow-deer,  which  live  in  a  semi -domesti- 
cated condition,  Mr.  Bennett  ^  states  that  the  dark  and  pale 
coloured  herds,  which  have  long  been  kept  together  in  the 
Forest  of  Dean,  in  High  Meadow  Woods,  and  in  the  New 
Forest,  have  never  been  known  to  mingle :  the  dark-coloured 
deer,  it  may  be  added,  are  belieyod  to  have  been  first  brought 
by  James  J.  from  Norway,  on  account  of  their  greater 
hardiness.  I  imported  from  the  island  of  Porto  Santo  two  of 
the  feral  rabbit^  which  differ,  as  described  in  the  fourth 
chapter,  from  common  rabbits ;  both  proved  to  be  males, 
and,  though  they  lived  during  some  years  in  the  2iOological 
Gardens,  the  superintendent,  Mr.  Bartlett,  in  vain  endea- 
voured to  make  them  breed  with  various  tame  kinds ;  but 
whether  this  refusal  to  breed  was  due  to  any  change  in  the 
instinct,  or  simply  to  their  extreme  wilduees,  or  whether 
confinement  had  rendered  them  sterile,  as  often  occurs,  cannot 
be  determined. 

Whilst  matching  for  the  sake  of  experiment  many  of  the 
most  distinct  breeds  of  pigeons,  it  frequently  appeared  to 
me  that  the  birds,  though  faithful  to  their  marriage  vow, 
retained  some  desire  after  their  own  kind.  Accordingly  I 
asked  Mr.  Wicking,  who  has  kept  a  larger  stock  of  various 
breeds  together  than  any  man  in  England,  whether  he  thought 
that  they  would  prefer  pairing  with  their  own  kind,  suppos- 
ing that  there  were  males  and  females  enough  of  each ;  and 
he  without  hesitation  answered  that  he  was  convinced  that 

•  For  the  Norfolk  sheep,  see  Mnr-  '  White's  <  Nat  Hut.  of  S^lbourne,' 

shaH's  'Rural  ficonsmy  of  Norfolk,'  edited bjr  Dennett, p. 39    With  respect 

rol.  ii.  p.  136.     Sm  fier.  L.  Landt's  to  the  origin  of  the  dark-coloured 

*  Description  of  Faroe,'  p.  66.    For  deer,  aee  'Some  Account  of  English 

the  anoon  sheep,  906  *  Fhll.  Transact.,'  I)fer  Parks,'  by  £.  P.  Shirley,  Ksq. 
1813,  p.  90. 
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this  was  the  caae.  It  lias  often  been  noticed  that  the 
dovecot  pigeon  seems  to  have  an  actual  aversion  towards  the 
several  fancy  breeds ;  *  yet  all  have  certainly  sprung  from  a 
common  progenitor.  The  Bev.  W.  D.  Fox  informs  me  that 
his  flocks  of  white  and  common  Chinese  geese  kept  distinct. 

lliese  facts  and  statements,  though  some  of  them  are 
incapable  of  proof,  resting  only  on  the  opinion  of  experienced 
observers,  show  that  some  domestic  races  are  led  by  different 
habits  of  life  to  keep  to  a  certain  extent  separate,  and  that 
others  prefer  coupling  with  their  own  kind,  in  the  same 
manner  as  species  in  a  state  of  naturo,  though  in  a  much  less 
degree. 

With  respect  to  sterility  from  the  crossing  of  domestic  races,  1 
know  of  no  well-ascertained  case  with  animals.  This  fact,  seeing 
the  great  difference  in  structure  between  some  breeds  of  pigeons, 
fowls,  pigs,  dogs,  <&c.,  is  extraordinary,  in  contrast  with  the  sterility 
of  many  closely  allied  natuml  species  when  crossed ;  bat  wo  shall 
hereafter  attempt  to  show  that  it  is  not  so  extraordinary  as  it  at 
fli'st  appears.  And  it  may  be  well  here  to  recall  to  mind  that  the 
amount  of  external  difference  between  two  species  is  not  a  safe  guide 
for  predicting  whether  or  not  they  will  breed  together,— some 
closely  allied  species  when  crossed  b^ing  utterly  sterile,  and  others 
which  are  extremely  unlike  being  moderately  fertile.  I  have  said 
that  no  case  of  sterility  in  crossed  races  rests  on  satisfactory  evi- 
dence; but  here  is  one  which  at  first  seems  trustworthy.  Mr. 
Youatt,*  and  a  better  authority  cannot  be  quoted,  states,  that 
formerly  in  Lancashiro  crosses  were  foequeutly  made  between 
longhom  and  shorthorn  cattle ;  the  first  cross  was  excellent,  but 
the  produce  was  uncertain ;  in  the  third  or  fourth  generation  the 
cows  were  bad  milkers;  "in  addition  to  which,  there  was  much 
uncertainty  whetlvdr  the  cows  would  conceive ;  and  full  one-third 
of  the  cows  among  some  of  these  half-breds  failed  to  be  in  calf.'* 
This  at  first  seems  a  good  case :  but  Mr.  Wilkinson  states,'^  that  a 
breed  derived  from  tliia  same  cross  was  actually  established  in 
another  part  of  England;  and  if  it  had  failed  in  fertility,  the  fact 
would  surely  have  been  noticed.  Moreover,  supposing  that  Mr. 
Youatt  had  proved  his  case,  it  might  be  argued  that  the  sterility 
was  wholly  due  to  the  two  parent-breeds  being  descended  from 
priroordially  distinct  specioa 

In  the  case  of  plants  Gartner  states  that  he  fertilised  thirteen 
heads  (and  subscquoutly  nine  others)  on  a  dwarf  maize  bearing 

•  <  The  Dovecots,'  by  the  Rev.  E.  a  '  <  Cattle,'  p.  202. 

Dixon,  p.   155;  Bechstein,  •Natur-  >*  Mr.  J.  Wilkinsoo,  in  « Remarks 

gesch.  DentMblandi,'  Band  iv.,  1795,      addnwed  to  Sir  J   Sebright,*'  1820^ 
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jrolloir  seed"  with  pollen  of  a  tall  maize  baying  red  seed;  and  one 
bead  alone  produced  good  seed,  but  only  fire  in  number.  Though 
them  plants  are  monoBcious,  and  therefore  do  not  require  castration, 
yet  I  should  hare  suspected  some  accident  in  the  manipulation,  had 
not  Gartner  expressly  stated  that  he  had  during  many  years  grown 
those  two  yarietics  together,  and  thoy  did  not  spontaneously  cross ; 
and  thin,  considering  that  tho  plants  aro  monoecious  and  abound 
with  pollen,  and  aro  well  known  generally  to  cross  freely,  seems 
explicable  only  on  the  belief  that  these  two  yarieties  are  in  some 
degree  mutually  infertile.  Tho  hybrid  plants  raised  from  the  above 
fiyo  seeds  were  intermediate  in  structure,  extremely  yariable,  and 
perfectly  fertile."  In  like  manner  Prof.  Hildebrand'*  could  not 
succeed  in  fertilising  the  female  flowers  of  a  plant  bearing  brown 
grains  with  pollen  from  a  certain  kind  bearing  yellow  grains; 
although  other  flowers  on  the  same  plant,  which  were  fertilised 
with  their  own  pollen,  yielded  good  seed.  No  one,  I  believe,  even 
snspects  tliat  these  yarieties  of  maize  are  distinct  species;  but  had 
the  hybrids  been  in  the  least  sterile,  no  doubt  Gartner  would  at 
once  have  so  classed  them.  I  may  here  remark,  that  with  undoubted 
species  there  is  not  necessarily  any  close  relation  between  the 
sterility  of  a  first  cross  and  that  of  the  hybrid  offspring.  Some 
species  can  be  crossed  with  facility,  but  produce  utterly  sterile 
hybrids;  others  can  be  crossed  with  extreme  difficulty,  but  the 
hybrids  when  produced  are  moderately  fertile.  I  am  not  aware, 
however,  of  any  instance  quite  like  this  of  the  maize,  namely,  of  a 
first  cross  made  with  difflcuUy,  but  yielding  perfectly  fertile  hybrids.^^ 
The  following  case  is  much  more  remarkable,  and  eyidently  per- 
plexed Gartner,^  whose  strong  wish  it  was  to  draw  a  broad  line  of 
distinction  between  sjMcies  and  varieties.  In  the  genus  Yerbascum, 
he  made,  during  eighteen  years,  a  vast  number  of  experiments,  and 
crossed  no  less  thon  1085  flowers  and  ^  counted  their  seeds.  Many 
of  these  experiments  consisted  in  crossing  white  and  yellow  varieties 
of  both  K.  lychniik  and  F.  liaitaria  with  nine  other  species  and 
their  hybrids.  That  the  white  and  yellow  flowered  plants  of  these 
two  species  are  really  varieties,  no  one  hasdoubtea;  and  Gartner 
actually  raised  in  the  case  of  both  species  one  variety  from  tho  seed  of 
the  other.  Now  in  two  of  his  works  ^  he  distinctly  asserts  that  crosses 
between  similarly-coloured  flowers  yield  more  peed  than  between 
dissimilarly-coloured;  so  that  the  ycllow-flowored  variefy  of  either 
species  (and  conversely  with  the  white-flowered  variety),  when 
crossed  with  pollen  of  its  own  kind,  yields  more  seed  than  when 


"  '  BnstiirderzeugCDg,'  i.  87,  169. 
8te  also  th«  Table  at  the  end  of 
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>*  '  BMtarderzeugnng/  s.  87,  577. 

<•  'Dot  Zeitung/  1868,  p.  327. 
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• 
crossed  with  that  of  the  white  Toriety ;  and  so  it  is  when  difibiently 
coloured  species  are  crossed.  The  general  results  may  be  seen  in  Uio 
Table  at  the  end  of  his  Tolumc  In  one  instance  he  gives'*  tho 
following  details;  but  I  must  premise  that  G&rtner,  to  avoid,  ex- 
aggerating the  degree  of  sterility  in  his  crosses,  always  compares  the 
mcuBtmum  number  obtained  from  a  cross  with  the. average  number 
naturally  given  by  the  pure  mother-plant  The  white  yariety  of 
V,  lychnitia,  naturally  fertilised  by  its  own  pollen,  gaye  from  an 
average  of  tweWe  capsules  ninety-fiiz  good  seeds  in  each ;  whilst 
twenty  flowers  fertilised  with  pollen  from  the  yellow  yariety  of  this 
same  species,  gaye  as  the  masntnum  only  eighty-nine  good  seeds ;  so 
that  we  haye  the  proportion  of  1000  to  906,  according  to  Q&rtner's 
usual  scale.  I  should  haye  thought  it  possible  that  so  small  a  difference 
in  fertility  might  have  been  accounted  for  by  the  evil  effects  of  the 
necessary  castration  ^  but.GMlrtner  shows  that  the  white  yariety  of  K« 
lychniU$,yfh!Bn  fertilised  first  by  the  white  yariety  of  K.  hlatt(tria,Bnd 
then  by  the  yellow  yariety  of  this  species,  yielded  seed  in  the  propor- 
tion of  62SJ  to  488;  and  in  both  these  cases  castration  was  performed. 
Now  the  sterility  which  results  from  the  crossing  of  the  differently 
coloured  yarieties  of  the  same  species,  is  fully  as  great  as  that  whida 
occurs  in  many  cases  when  distinct  species  are  crossed.  Unfortu- 
nately G&rtner  compared  the  results  of  the  first  unions  alone,  and 
not  the  sterility  of  the  two  sets  of  hybrids  produced  from  tlio  whito 
yariety  of  V,  lyehnUit  when  fertilised  by  the  whito  and  yellow 
yarieties  of  K  blaUtiria,  for  it  is  probable  that  they  would  have 
differed  in  this  respect. 

Mr«  J.  Scott  has  given  me  the  results  of  a  series  of  experiments  on 
Yerbascum,  made  by  him  in  tlie  Botanic  Gardens  of  Edinburgh.!^  He 
repeated  some  of  G&rtner's  experiments  on  distinct  species,  but 
obtained  only  fluctuating  results,  some  confirmatory,  the  greater 
number  contradictory;  nevertheless  these  seem  hardly  sufficient  to 
overthrow  tiie  conclusion  arrived  at  by  G&rtner  from  experiments 
tried  on  a  larger  scala  Mr.  Scott  also  experimented  oh  the  relative 
fertility  of  unions  between  similarly  and  dissimilarly- coloured 
yarieties  of  the  same  species.  Thus  he  fertilised  six  flowers  of  tho 
yellow  yariety  of  V.  lychniiie  by  its  own  pollen,  and  obtained  six 
capsules;  and  calUng,  for  the  sake  of  comparison,  the  ayerage 
number  of  good  seed  in  each  of  their  capsules  one  hundred,  he  found 
that  this  same  yellow  yariety,  when  fertilised  by  the  white  yariety, 
yielded  from  seven  capsules  an  average  of  ninety-four  seed.  On  the 
same  principle,  the  white  yariety  of  F.  lyehnitia  by  its  own  pollen 
Orom  six  capsules),  and  by  the  pollen  of  the  yellow  yariety  (eight 
ciips^les),  yielded  seed  in  the  proportion  of  100  to  82.  The  yellow 
yariety  of  V.  thap$u$  by  its  own  pollen  height  capsules),  and  by 
that  of  the  whito  variety  (only  two  capsules),  yielded  seed  in  the 
proportion  of  100  to  94.    Lastly,  the  white  yariety  of  V.  hUUlaria 


^  '  Bastarderzeugung/ s.  216.  published  in  'Journ.  A^intie  Soo.  of 

'' l*h«    results    have    since    been       bengal,' 18U7,  p.  145. 
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by  its  own  pollen  (oiglit  caratilcs),  and  by  that  of  the  yellow  Taricty 
(five  cflpsnlce),  yielded  ecea  in  the  proportion  of  100  to  79.  So  that 
in  OTery  cose  the  unions  of  similarly-coloured  Tarieties  of  the  came 
ppecies  were  more  fertile  than  the  unions  of  dissimilarly-coloured 
TOiieties ;  when  all  the  cases  are  grouped  together,  the  difference  of 
fertility  is  as  ICO  to  86.  Some  additional  trials  were  made,  and 
altoi^thcr  thirty-six  similarly-coloured  unions  yielded  thirty-live 
good  capsules ;  whilst  thirty-five  dissimilarly-coloured  unions  yielded 
orJy  twenty-six  good  capsules.  Besides  the  foregoing  experiments, 
the  purple  V,  phanieeum  was  crossed  by  a  rose-coloured  and  a  white 
vaiiety  of  the  same  species;  these  two  varieties  were  also  crossed 
together,  and  these  several  unions  yielded  less  seed  than  K.  phcs- 
nioevm  by  its  own  pollen.  Hence  it  follows  from  Mr.  Si'otfs  experi- 
ments, that  in  the  genua  Yerbascum  the  similarly  and  dissimilarly- 
coloured  varieties  of  the  same  species  behave,  when  crossed,  like 
closely  allied  but  distinct  species.^ 

This  remarkable  fact  of  the  sexual  affinity  of  similarly-coloured 
Tarieties,  os  observed  by  Qarlner  and  Mr.  Scott,  may  not  bo  of  very 
rare  occurrence;  for  the  subject  has  not  been  attended  to  by  others. 
The  following  case  is  worth  giving,  partly  to  show  how  difficult  it 
is  to  avoid  error.  Dr.  Herbert"  has  remarked  that  variously- 
coloured  double  varieties  of  the  Hollyhock  (AUhea  rotea)  may  be 
raised  with  certainty  by  seed  from  plants  growing  close  together. 
I  have  been  informed  that  nurserymen  who  raise  seed  for  sale  do 
not  separate  their  plants ;  accordingly  I  procured  seed  of  eighteen 
namcct  voricties;  of  these,  eleven  vanoties  produced  sixty-two 
plants  all  i^crfoctly  truo  to  their  kind ;  and  seven  produced  forty- 
nine  plants,  lialf  of  which  were  true  and  half  false.    Mr.  Masters  of 


**  The  followinf^  facts,  given  by 
Kolreuter  in  hit  *  Dritte  Forlsetzung/ 
M.  34,  H9,  apfieiir  nt  Hni  sight  strongly 
to  confirm  II r.  Scott's  and  G&rtner  s 
statements ;  and  to  a  certain  limited 
extent  they  do  so.  Kolreuter  assertis 
from  innumerable  observations,  that 
insects  incessantly  carry  pollen  from 
one  species  and  variety  ot  Vorbitscum 
to  anotlier;  and  I  can  confirm  this 
assertion;  yet  he  found  that  the 
white  and  yellow  varietion  of  Verbat' 
cwn  lycAniiis  often  grew  wild  mingled 
togetlier:  moreover,  he  cultivated 
these  two  Tarieties  in  considerable 
numbers  during  four  years  in  his 
garden,  and  they  kept  true  by  seed ; 
but  when  he  crossed  them,  they  pro- 
duced flowers  of  an  intermediate  tint. 
Uence  it  might  hare  been  thought 
that  both  varieties  must  hare  a 
stronger  elective  affinity  for  the  pollen 
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of  their  own  varietv  than  for  that  of 
the  other;  this  elective  aHinity,  I 
may  add  of  each  species  for  its  own 
pollen  (Kolreuter,  'Dritte  Forts.'  s. 
89,  and  Gartner,  *  Bastarderz.,  pauhn) 
being  a  perfectly  well-ascertained 
])ower.  But  the  force  of  the  fore- 
going facts  is  much  lessened  by 
Giirtncr's  numerous  experiments,  for, 
difl'ercntly  from  Kolreuter,  he  never 
once  got  (*  Bastarderz./  s.  807)  an 
intermediate  tint  when  he  crossed  the 
yellow  and  white  flowered  varieties 
of  Verbascum.  So  that  the  fact  of 
the  white  and  yellow  varieties  koe|)- 
ing  true  to  their  colour  by  seed  does 
not  prove  that  they  were  not  mutual- 
ly fertilised  by  the  pollen  carried  by 
insects  from  one  to  the  other. 

»  « AmaryllidaceB,'  1837,  p.  364. 
Giirtner  has  made  a  similar  observt* 
tion. 
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Gnnterbtiry  baa  giren  me  a  mare  striking  case;  he  saved  seed  from 
a  great  bed  of  twenty-four  named  Tarieties  planted  in  cloeely  ad- 
Joining  rows,  and  each  variety  reprodncod  itself  truly  with  only 
sometimes  a  shade  of  di£ference  in  tint  Now  in  the  hollyhock  the 
pollen,  which  is  abundant,  is  matured  and  nearly  all  shed  before 
the  stigma  of  the  same  flower  is  ready  to  reoeiye  it ;  *  and  as  beos 
covered  with  pollen  incessantly  fly  from  plant  to  plant,  it  would 
appear  that  adioining  varieties  could  not  escape  l>eing  crossed.  As, 
however,  this  does  not  occur,  it  appeared  to  me  prolmblo  that  the 
pollen  of  each  variety  was  prepotent  on  its  own  stigma  over  that  of 
all  other  varieties,  but  I  have  no  evidence  on  this  point.  Mr.  C. 
Turner  of  Slough,  well  known  for  his  success  in  the  cultivation  of 
this  ))lant,  informs  mo  that  it  is  the  doublonoss  of  the  flowers  which 
prevents  the  bees  Raining  access  to  the  pollen  and  stigma;  and  he 
finds  that  it  is  difficult  even  to  cross  tnem  artificially.  IVhethor 
this  explanation  will  fully  account  for  varieties  in  close  proximity 
propagating  themselves  so  truly  by  seed,  I  do  not  know. 
.  The  following  cases  are  worth  giving,  as  they  relate  to  monoecious 
forms,  which  do  not  require,  and  consequently  connot  have  been 
injured  by,  castration.  Girou  do  Buzareingues  crossed  what  he 
designates  three  varieties  of  gourd,*^  and  asserts  that  their  mutual 
fertilisation  is  less  easy  in  proportion  to  the  difierence  which  they 
present  I  am  aware  how  imperfectly  the  forms  in  this  group  were 
until  recently  known ;  but  Sogeret,"  who  ranked  them  according  to 
their  mutual  fertility,  considers  the  three  foims  above  alluded  to  as 
varieties,  as  does  a  far  higher  authority,  namely,  M.  Naudin.^ 
Sogoiet  "^  has  observed  that  certain  melons  have  a  greater  tendency, 
whatever  the  cause  may  bo,  to  keep  true  than  others ;  and  M.  Nandin, 
who  has  had  such  immense  experience  in  this  group,  informs  me 
that  he  believes  that  certain  varieties  intercross  more  readily  than 
others  of  the  same  species ;  but  he  has  not  proved  the  truth  of  this 
conclusion ;  the  frequent  abortion  of  the  pollen  near  Paris  being 
one  great  difficulty.  Nevertheless,  he  has  grown  close  together, 
during  seven  }'oaw,  certain  forms  of  Citrullus,  which,  as  they 
oould  be  artificially  crossed  with  perfect  facility  and  produced 
fertile  offispring.  are  ranked  as  varieties ;  but  these  forms  when  not 
artificially  cro«tscd  kept  true.  Many  other  varieties,  on  the  other 
hand,  in  the  same  group  ^cross  with  such  facility,  as  M.  Naudin 
repeatedly  insists,  that  without  being  grown  far  apart  they  cannot 
ho  kept  in  the  least- true. 
Another  case,  though  somewhat  different,  may  be  here  given,  as 

**  K9lreater  first  obMnred  this  fact,  **  '  MtSmoirt  tar  les  Cucorbitaceie/ 

*  hUm.  do  I'Acad.  de  St.  PetenburK,'  1826,  pp.  46,  55. 

vol.    iii.    p.    127.     See   also    a   K.  *>  ^Annales    des    Sc.    Nat./    4th 

Spreogel,  *  D:is  Entdockta  Qeheimnias,'  series,  torn.  vi.  M.  Naudin  ooDsidars 

s.  345.  these  forms  as  uodoubtedly  vnrieties 

'*  Namely,  Barbarines,  Pastissoiui,  of  Cucur'nt  t  pepo, 

Giravmous :    '  Anna],   des  Sc   Nat.'  **  '  M^m.  Cucurb.,'  p.  8. 
rom  SIX.,  1833,  pp.  398  and  405. 
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it  is  highly  remarkable,  and  is  established  on  excellent  eyidenoe. 
K5lreuter  minutely  describes. fire  Tarieties  of  the  common  tobaooo,f 
which  were  reciprocally  crossed,  and  the  oflfopring  were  intermediate 
in  character  ana  as  fertile  as  their  parents :  from  this  fact  Kolrenter 
inferred  that  they  are  really  yarieties ;  and  no  one,  as  far  as  I  can 
discover,  seems  to  bavo  doubted  that  such  is  the  casa  He  also 
crossed  reciprocally  these  (Ito  varieties  with  N.  gluiinow,  and  tliey 
yielded  very  sterile  hybrids;  but  those  raised  from  the  var,perenui$, 
whether  used  as  the  father  or  mother  plant,  were  not  so  sterile  as 
the  hybrids  from  the  four  other  varieties.*"  80  that  the  sexual 
capacity  of  .this  one  variety  has  certainly  been  in  some  degree 
modified,  so  as  to  approach  in  nature  that  of  N.  glatinomi^'' 

These  facts  with  respect  to  plants  show  that  in  some  few 
cases  certain  varieties  have  had  their  sexual  powers  so  far 
modified,  that  they  cross  together  less  readily  and  yield  less 
seed  than  other  varieties  of  the  Fame  species.  We  shall 
presently  see  that  the  sexual  functions  of  most  animals  and 
plants  are  eminently  liable  to  be  affected  by  the  conditions 
of  life  to  which  they  are  exposed ;  and  hereafter  we  shall 


**  <Zweite  Forts.,'  ■.  53,  niimely, 
Nicoiiana  ma^w  vulgan$ ;  {2)peren' 
ni$;  (3)  trcuuylvanioa ;  (4)  a  sub- 
vnr.  of  the  lost  $  (5)  major  ktiifcl.  fi. 
alb. 

"  Kolrenter  was  to  much  struck 
with  this  fact  that  he  suspected  that 
a  little  pollen  of  JV.  ghUinota  in  one 
of  his  experiments  might  have  acci- 
dentally got  mingled  with  that  of 
ear.  perennUj  and  thus  aided  its  fer- 
tilising power.  But  we  now  know 
oonclusively  from  Gftrtner  ('  Bastar- 
ders.,'  s.  34,  43)  that  the  pollen  of 
two  species  nerer  acts  oonjointiy  on  a 
third  species ;  still  less  will  the  pollen 
of  a  distinct  species,  mingled  with  a 
plant's  own  pollen,  if  the  latter  be 
present  in  sufficient  quantity,  have 
any  effect.  The  sole  effect  0^  mingling 
two  kinds  of  pollen  Is  to  produce  in 
the  same  capsule  seeds  which  yield 
plants,  some  taking  after  the  one  and 
some  after  the  other  imrent. 

*'  Mr.  Scott  has  inade  some  olser- 
fntions  on  the  absolute  sterility  of  a 
purple  and  white  primrose  {Primula 
vulfforit)  when  fertilised  by  pollen 
from  the  common  primrose  ('  Journal 


of  Proc.  of  Linn.  Soc,'  vol.  rtii.,  18Q4, 
p.  08);  but  these  obMrrations  require 
confirmation.  1  raised  a  number  of 
purple-flowered  long-styled  seedlings 
Irom  seed  kindly  sent  me  by  Mr. 
Scott,  and,  though  they  were  all  in 
some  degree  sterile,  they  were  much 
more  fertile  with  polk*n  taken  from 
the  common  primrose  than  with  their 
own  pollen.  Mr.  Scott  has  likewise 
described  a  red  equal-styled  cowslip 
(P,  veris,  ibid.  p.  106X  which  was 
found  by  him  to  be  highly  sterile 
when  crossed  with  the  common  cow- 
slip ;  but  this  was  not  the  case  with 
several  equal  •  styled  red  seedlinp 
raised  by  me  from  his  plant.  This 
variety  of  the  cowslip  presents  the 
remarkable  peculiarity  of  combining 
male  organs  in  every  respect  like 
those  of  the  short-styled  form,  with 
female  organs  resembling  in  function 
and  partly  in  structure  those  of  the 
long-stylA  form;  so  that  we  have 
the  singular  anomaly  of  the  two 
forms  combined  in  the  same  flower. 
Hence  it  is  not  surprising  that  these 
flowers  should  be  spontaneously  sell^ 
fertile  in  a  high  degree. 
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briefly  discuss  the  conjoint  bearing  of  this*  fact,  and  others, 
on  the  difference  in  fertility  between  crossed  varieties  and 
crossed  species. 

Dameaiicaiion  eliminatet  the  tendency  to  SteriWy  which  ia  general 

with  Spectes  when  eroeeed. 

This  hypothesis  was  first  propounded  by  Pallas,^'  and  has 
been,  adopted  by  several  authors.  I  can  find  hardly  any 
direct  facts  in  its  support;  but  unfortunately  no  one  has 
compared,  in  the  case  of  either  animals  or  plants,  the  fertility 
of  anciently  domesticated  varieties,  when  crossed  with  a 
distinct  species,  with  that  of  the  wild  parent  species  when 
similarly  crossed.  No  one  has  compared,  for  instance,  the 
fertility  of  Oallua  hanhiva  and  of  the  domesticated  fowl,  when 
crossed  with  a  distinct  species  of  Gallus  or  Ph'asiauus ;  and 
the  experiment  would  in  all  cases  be  surrounded  by  many 
difficulties.  Dureau  de  la  Malle,  who  has  so  closely  studied 
classical  literature,  states  '*  that  in  the  time  of  the  Komans 
tlie  common  mule  was  produced  with  moi*o  difficulty  than  at 
the  present  day ;  but  whether  this  statement  may  be  trusted 
I  know  not.  A  much  more  important,  though  somewhat  dif 
ferent,  case  is  given  by  M.  Greenland,'^  namely,  that  plants, 
known  from  their  intermediate  character  and  sterility  to 
be  hybrids  between  iBgilops  and  wheat,  have  perpetuated 
themselves  under  culture  since  1857,  with  a  rapid  hut  varying 
increase  of  fertility  in  each  generation.  In  the  fourth  generation 
the  plants,  still  retaining  their  intermediate  character,  had 
become  as  fertile  as  common  cultivated  wheat. 

The  indirect  evidence  in  favour  of  the  Fallasian  doctrine 
appears  to  me  to  be  extremely  strong.  In  the  earlier  chapters 
I  have  shown^that  our  various  breeds  of  the  dog  are  descended 
from  several  wild  species ;  and  this  probably  is  the  case  with 
sheep.  There  can  be  no  doubt  that  the  Zebu  or  humped 
Indian  ox  belongs  to  a  distinct  species  from  European  cattle : 
the  latter,  moreover,  are  descended  from  two  forms,  which 
may  be  called  either  species  or  races.     We  have  good  evidence 

*>   <Aet.    Actd.    St.    Petenbarg,'      (1st  scries),  p.  61. 
1780,  part  H.  pp.  »4,  100.  **  *  Bull.  Bot.  Soc.  de  Franoe,'  Doa 

>*  •  Aniialefl  des  Sc.  Nnt.'  tarn.  zzi.       27th,  1861.  toin.  v\\\,  p.  612. 
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Ihat  our  domesticated  pigs  belong  to  at  least  two  specifio 
types,  S,  icrofa  and  indicus.  Now  a  widely  extended  analogy 
leads  to  the  belief  that  if  these  several  allied  species,  when 
first  reclaimed,  had  been  crossed,  they  would  have  exhibited, 
both  in  their  first  unions  and  in  their  hybrid  offspring,  some 
degree  of  sterility.  Kevortheloss,  the  several  domesticated 
races  descended  from  them  are  now  all,  as  far  as  can  be 
ascei*tained,  perfectly  fertile  together.  If  this  reasoning  be 
trustworthy,  aiid  it  is  apparently  sound,  we  must  admit  the 
Pallasian  doctrine  that  long-continued  domestication  tends 
to  eliminate  that  sterility  which  is  natural  to  species  when 
crossed  in  their  aboriginal  state. 

On  increated  Fertility  from  Domeaticati  n  and  Cultivation, 

^  Increased  fertility  from  domestication,  without  any  refer- 
ence to  crossing,  may  be  here  briefly  considered.  This  subject 
bears  indirectly  on  two  or  three  points  connected  with  the 
modification  of  organic  beings.  As  Bufibn  long  ago  re- 
marked,^^  domestic  animals  breed  oftencr  in  the  year  and 
produce  more  young  at  a  birth  than  wild  animak  of  the  same 
species ;  thoy,  also,  sometimes  breed  at  an  earlier  ago.  The 
caso  would  hardly  have  deserved  further  notice,  had  not 
some  authors  lately  attempted  to  show  that  fertility  increases 
and  decreases  in  an  inverse  ratio  with  the  amount  of  food. 
This  strange  doctrine  has  apparently  arisen  from  individual 
animals  when  supplied  with  an  inoi*dinato  quantity  of  food, 
and  from  plants  of  many  kinds  when  grown  on  excessively 
rich  soil,  as  on  a  dunghill,  becoming  sterile:  but  to  this 
latter  point  I  shall  have  occasion  presently  to  return.  With 
hardly  an  exception,  our  domesticated  animals,  which  have 
been  long  habituated  to  a  regular  and  copious  supply  of  food, 
without  the  labour  of  searching  for  it,  are  more  fertile  than 
the  corresponding  wild  animals.  It  iis  notorious  how  fre- 
quently cats  and  dogs  breed,  and  how  many  young  thoy 
produce  at  a  birth.     The  wild  rabbit  is  said  generally  to 

"    Quototl    bjT  Iftid.  GeofTroy  St.  tho  present  subject  has  nppenred  io 

Hilaire,  '  Hist.  Naturclle  Gf'ntSrale,'  Mr.  Herbert  Speoccr*s  *  Principles  oi 

torn.  i:i.  p.  476.    Since  this  MS.  has  Biologj,'  toL  li.,  1867,  p.  457  et  Mf. 
been  sent  to  press  a  full  discussion  on 


90 


IKOREASED  FERTILITT 


Chap.  XVI. 


breed  four  times  yearly,  and  to  produce  each  time  at  most 
six  young  *  the  tame  rabbit  breeds  six  or  seven  times  yearly, 
producing  each  time  from  four  to  eleven  young;  and 
Mr.  Harrison  Weir  tolls  me  of  a  case  of  eighteen  young 
having  been  produced  at  a  birth,  all  of  "which  survived. 
The  ferret,  though  generally  so  closely  confined,  is  moi*o 
prolific  than  its  supposed  wild  prototype.  The  wild  sow  is 
remarkably  prolific ;  she  often  breeds  twice  in  the  year,  and 
bears  from  four  to  eight  and  sometimes  even  twelve  young ; 
bnt  the  domestic  sow  regularly  breeds  twice  a  year,,  and  would 
breed  oFtonor  if  permitted ;  and  a  sow  that  produces  less  than 
eight  at  a  birth  '*  is  worth  little,  and  the  sooner  she  is  fattened 
for  the  butcher  the  better."  The  amount  of  food  affects  the 
fertility  of  the  same  individual :  thus  sheep,  which  on  moun- 
tains never  produce  more  than  one  lamb  at  a  birth,  when 
brought  down  to  lowland  pastures  frequently  bear  twins. 
This  difference  apparently  is  not  due  to  the  cold  of  the  higher 
land,  for  bheep  and  other  domefitio  animals  are  said  to  bo  ex- 
tremely prolific  in  Lapland.  Hard  living,  also,  retards  the 
period  at  which  animals  oonoeive ;  for  it  has  been  found  dis- 
advantageous in  the  northern  islands  of  Scotland  to  allow 
cows  to  bear  calves  before  they  are  four  years  old.'^ 

.  r  Birds  offer  sUU  better  evidence  of  increased  fertility  from  domesti- 
cation: the  hen  of  the  vri\d  Uallus  b-inkiua  lays  from  six  to  ten 
eggs,  a  number  which  would  be  thought  nothing  of  with  the 
domesUo  hen.  The  wild  duck  lays  from  five  to  ten  eggs ;  the  tame 
one  in  the  course  of  the  year  from  eighty  to  one  hundred.  The  wild 
groy-lag  gooso  lays  fiom  five  to  eight  eggs;  the  tamo  from  thirteen 
to  eighteen,  and  she  lays  a  second  time ;  as  Mr.  Dixon  has  remarked, 
"  high-feeding,  core,  and  moderate  warmth  induce  a  habit  of  proli- 
ficacy which  becomes  in  some  measure  hereditary."  Whether  the 
somi-domestlcated  dovecot  pigeon  is  more  fertile  than  tlio  wild 
rock-pigeon,  CJivia,  I  know  not;  bnt  the  more  thoroughly  domesti- 


**  For  cats  and  dogs,  &c.,  Me  B«I- 
lingeri,  in  •  Annal.  des  Sc  Kat.,'  2nd 
Mrtot,  Zoolog.,  torn.  xii.  p.  155.  For 
ferrets,  Bechatein,  '  Nntorgeschlchie 
DeuUchlandt,'  Band  i.,  1601,  s.  78d, 
795.  For rabbite, ditto,!.  1123, 1131; 
and  Bronn's  '  Geschichte  der  Natur.,' 
B.  it  t.  99.  For  mountain  aheop, 
ditto,  i.  102.  -For  the  fertility  of  th4 


wild  Mw,  968  Bechatein's  <  NaturgeKh. 
DeutTChlands,'  B.  i.,  1801,  a.  534;  for 
the  domestic  pig,  Sidney's  ediL  of 
Youatt  on  tlie  Pig,  1860,  p.  62.  With 
respect  to  Lapland,  sm  Acerbi's 
•TrsTels  to  the  North  Cape,'  Eng. 
translat.,  vol.  ii.  p.  222.  About  the 
Highland  cows,  sm  Hogg  on  Shorfw 
p.  26a.  •  " 
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cated  broods  aro  noftrly  twice  as  fertile  as  dovecots:  the  latter, 
however,  when  caged  and  highlv  fed,  become  equally  fertile  with 
house  pigeons.  I  hear  from  Judge  Gaton  that  the  wild  turkey  in 
the  United  States  docs  not  breed  when  a  year  old,  as  the  domesti- 
cated turkeys  there  invariably  do.  Tbe  peahen  alone  of  domesti- 
cated birds  is  rather  more  fertile,  according  to  eome  accounts,  when 
wild  in  its  native  Indian  home,  than  in  Europe  when  eiposed  to  our 
much  colder  climate.*' 

With  respect  to  plants,  no  one  would  expect  wheat  to  tiller  more, 
and  each  ear  to  produce  more  grain,  in  poor  ihan  in  rich  soil ;  or  to 
get  in  poor  soil  a  heavy  crop  of  peas  or  beans.  Seeds  vary  so  much 
in  number  that  it  is  difficult  to  estimate  them ;  but  on  comparing . 
beds  of  carrots  in  a  nursery  garden  with  wild  plants,  the  lormer 
seemed  to  produce  about  twice  as  much  seed.  Cultivated  cabbages 
yielded  thrice  as  many  pods  by  measure  as  wild  cabliagcs.from  the 
rocks  of  Sontli  Wales.  The  excess  of  berries  produced  by  the  culti- 
vated asparagus  in  comparison  with  the  wild  plant  is  enormous. 
No  doubt  many  highly  cultivated  plants,  such  as  pears,  pineapples, 
bananas,  sugar-cane,  &c.,  aro  nearly  or  quite  sterile;  and  I  am 
inclined  to  attribute  this  sterility  to  excess  of  food  and  to  other 
unnatural  conditions;  but  to  this  subject  I  shall  recur. 

In  some  cases,  as  with  the  pig,  rabbit,  &c.,  and  with  thoee 
plants  which  are  valued  for  their  seed,  the  direct  selection  of 
the  moro  fertile  individuals  has  probably  much  increased 
their  fertility;  and  in  all  cases  this  may  have  occurred  in- 
diiectly,  fix)m  tho  bettor  clmnco  of  some  of  the  numerous 
ofispring  from  tho  more  fertile  individuals  having  been  pre* 
served.  But  with  cats,  ferrets,  and  dogs,  and  with  plants 
like  carrots,  cabbages,  and  aspara^s,  which  are  not  valued 
for  their  prolificacy,  selection  can  have  played  only  a  sttb- 
ordinate  part ;  and  their  increased  fertility  must  be  attributed 
to  the  more  favoni^able  conditions  of  lifo  iindor  which  they 
have  long  existed. 

»  For  tho  eggs  of  Gallna  IninkiVf,  IMgeoiiis'  p.   ITiS.    With  renpect  to 

tee  BIyih,  la  *AdbaIs  and  Mag.  of  pcnrockn,    iiccording    to    Tcinmlnck 

Nnt  Hist..'  2nd  ecries,  vol.  i.,  1848,  (*Hist.  Knt.  Gen.  des   IMgeouH,'  &c, 

p.  456.     For  wild  and  tamo  ducks,  1813,  torn.  ii.  p.  41),  tho  hen  lays  in 

Vtacgillivrny,  *  British  Birds,'  vol.  v.  India  even  ns  many  as  twenty  eggs; 

p.  87 ;  and  '  Dio  Knten,'  s.  87.     For  but  according  to  Jerdon  and  anothcjf 

wild  geese,  L.  Uovd,  *  Scandinavian  writer     (quoted      in      Tegetmeier's 

Adventures,'  vol.  ii.  1854,  P.  413;  Poultry  Book,'  1866,  pp.  280.  28'), 

and   for    tame    geese,    *  Ornamentil  she  there  In}'8  or  Iv  from  four  to  nine 

Poultry,'  by  Rev.  E.  S.  Dixon,  p.  139.  or  ten  eggs:  in  l-jigland  she  Is  said, 

On  the  breeding  of  Pigeons,  Pistor,  in  the  '  Poultry  Book,'  to  lay  five  or 

*  Das  Ganzo  dor  Taubenzucht,'  1831,  six,  but  another  writer  says  fronc 

f.  46 ;  aad  Boitard  and  Corbl4  '  Les  ^ght  to  twelve  eggs. 
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CHAPTER  XVIL 

OS  THE  uOOD  EFFECTS  OF  CROSSING,   AND  ON   THE  EVIL  EFFECTS 

OF  CLOSK  INTERUKEBDINO. 

mruiri'ioir  of  olosb  nrrERiiRKEDiNa — AuaMENTATioN  of  morbid  nor* 

DKNCIES— OKNBBAL  BVIDEXCB  OF  THE  GOOD  SFFECTB  DKUXYKD  FltOSt 
01KM8XMO,  AMD  OH  THB  EVIL  EfTBCTS  FROM  CLOSE  IMTERBRSEDlira — 
CATTLE,  CLOSELY  INTBIIHRED;  HALF-WILD  CATTLE  LONO  XEl^  IN  THB 
SAME  PARKS— SHEEP — FALLOW-DEER— DOGS,  RABBITS,  PIGS — MAN,  ORIGIN 
OP  HIS  ABHORRENCE  OF  INCESTUOUS  MARRIAGES — ^FOWLS — PIGEONS — HIVE- 
BEES — ^IliANT^,  (GENERAL  CONSIDERATIONS  ON  THE  BENEFITS  DERIVED  FROM 
CROSSING — ^MELONS,  FRUIT-TBKES,  PfeAS,  CABBAGES,  WHEAT.  AND  F0RE8T- 
.  TREES— ON  THE  INCREASED  SIZE  OP  HYBRID  PIJLNTS,  NOT  EXCLVSIVELT 
DUB  TO  THEIR  STERILITY— ON  CERTAIN  PLANTS  WHICH  EITHER  NOR- 
MALLY OR  ABNORMALLY  ARE  SELP-IUrOTENT,  BUT  ARE  FERTILE,  DOTH 
ON  THB  MALE  AND  FEMALE  SIDE,  WHEN  CUOSSED  WITH  DISTINCT  INDI- 
VIDUALS BITHEB  OF  THB  SAME  OB  ANOTHER  SPECIES— CONCLUSION. 

The  gain  in  constitntional  yigour,  derived  from  an  occasional 
cross  between  individuals  of  the  same  variety,  but  belonging 
to  distinct  families,  or  between  distinct  variotioH,  has  not 
been  so  largely  or  so  frequently  discussed,  as  have  the  evil 
effects  of  too  close  interbreeding.  But  tbe  former  point  is 
the  more  important  of  the  two,  inasmuch  as  the  evidence  is 
more  decisive.  The  evil  results  from  close  interbreeding  are 
difficult  to  detect,  for  they  accumulate  slowly,  tind  differ 
much  in  degree  with  different  species ;  whiLt  the  good  effects 
which  almost  invariably  follow  a  cross  are  from  the  first 
manifest.  It  should,  however,  be  clearly  understood  that  the 
advantage  of  dose  interbroeding,  as  far  as  the  retention  of 
character  is  concerned,  is  indisputable,  and  often  outweighs 
tlie  evil  of  a  slight  loss  of  constitutional  vigour.  In  relation 
to  the  subject  of  domestication,  the  whole  question  is  of  some 
importance,  as  too  close  interbreeding  interferes  with  tho 
improvement  of  old  races.  It  is  important  as  indirectly 
bearing  on  Hybridism ;  and  possibly  on  the  extinction  of 
species,  when  any  form  has  become  so  rare  that  only  a  few 
individuals  remain  within  a  confined  area.    It  bean  in  ao 
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important  manner  on  the  influence  of  free  jntercrossing,  in 
obliterating  individual  differenoes,  and  thus  giving  uniformity 
of  character  to  the  individuals  of  the  same  race  or  species ;  for 
if  additional  vigour  and  fertility  be  thus  gained,  the  crossed 
oflGspring  will  multiply  and  prevail,  and  the  ultimate  result 
will  be  far  greater  than  otherwise  would  have  occurred.  Lastly, 
the  question  is  of  high  interest,  as  bearing  on  mankind.  I  shall 
therefore  discuss  this  subject  at  full  length.  As  the  facts  which 
prove  the  evil  effects  of  dose  interbreeding  are  more  copious, 
though  less  decisive,  than  those  on  the  good  effects  of  crossing, 
I  shall,  under  each  group  of  beings,  begin  with  the  former. 

There  is  no  difficulty  in  defining  what  is  meant  by  a  cross ; 
but  this  is  by  no  means  easy  in  regard  to  "  breeding  in  and 
in "  or  *'  too  close  interbreeding,"  because,  as  we  shall  see, 
different  species  of  animals  are  differently  affected  by  the 
same  degree  of  interbreeding.  The  pairing  of  a  father  and 
daughter,  or  mother  and  son,  or  brothers  and  sisters,  if  carried 
on  during  several  generations,  is  the  closest  possible  form  of 
interbreeding.  But  some  good  judges,  for  instance  Sir  J. 
Sebright,  believe  that  the  pairing  of  a  brother  and  sister  is 
much  closer  than  that  of  pai-ents  and  children ;  for  when  the 
father  is  matched  with  his  daughter  he  crosses,  as  is  said, 
with  only  half  his  own  blood.  The  consequences  of  close 
interbreeding  carried  on  for  too  long  a  time,  ai*e,  as  is  generally 
believed,  loss  of  size,  constitutional  vigour,  and  fertility, 
sometimes  accompanied  by  a  tendency  to  malformation. 
Manifest  evil  docs  not  usually  follow  from  pairing  the  nearest 
relations  for  two,  three,  or  even  four  generations ;  but  several 
causes  interfere  with  our  detecting  the  evil — such  as  the 
deteiioration  being  very  gradual,  and  the  difficulty  of  dis- 
tinguishing between  such  direct  evil  and  the  inevitable 
augmentation  of  any  morbid  tendencies  which  may  bo  latent 
or  apparent  in  the  related  parents.  On  the  other  liand,  the 
benefit  from  a  cross,  oven  when  there  has  not  been  any  very 
close  interbreeding,  is  almost  invariably  at  once  conspicuous. 
There  is  good  reason  to  believe,  and  this  was  the  opinion  of 
that  most  experienced  observer  Sir  •!.  Sebright,^  that  the  evi] 

>  *The  Art  of  Improriog  the  BreeJ,  &c.,'  1809,  p.  16^ 
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offects  of  close  interbi'deding  tnay  be  checked  or  qnite  pre- 
vented by  the  related  individuals  being  separated  for  a  few 
generations  and  exposed  to  different  conditions  of  ]ife.  This 
oonclusion  is  now  held  by .  many .  breeders ;  for  instance  Mr. 
Carr  '  remarks,  it  is  a  well-known  **  fact  that  a  change  of  soil 
and  climate  effects  perhaps  almost  as  great  a  change  in  the 
constitution  as  would  result  from  an  infusion  of  fresh  blood.'* 
I  hope  to  show  in  a  future  work  that  consanguinity  by  itself 
Qounts  for  nothing,  but  acts  solely  from  related  organisms  gene- 
rally having  a  similar  coni^titution,  and  having  boon  exposed 
in  most  cases  to  similar  conditions. 

:  lliat  any  evil  directly  follows  from  the  closest  interbreeding 
has  been  denied  by  many  persons ;  but  rarely  by  any  practical 
breeder ;  and  never,  as  far  as  I  know,  by  one  who  has  largely 
bred  animals  which  propagate  their  kind  quickly.  Many 
physiologists  attribute  the  evil  exclusively  to  the  combination 
and  consequent  increase  of  morbid  tendencies  common  to  both 
parents ;  and  tliat  this  is  an  active  source  of  mischief  there 
can  be  no  doubt.  It  is  unfortunately  too  notorious  that  men 
and  various  domestic  anin^^ls  ,  endowed  with  a  wretched 
constitution,  and  with  a  strong  hereditary  disposition  to 
disease,  if  not  actually  ill,  are  fully  capable  of  procreating 
their  kind.  •  Close  interbreeding,  on.  the  other  hand,  often 
induces  sterility ;  and  this  indicates  something  quite  distinct 
from  the  augmentation  of  morbid  tendencies  common  to  both 
parents.  The  evidence  immediately  to  be  given  convinces  me 
that  it  is  a  great  law  of  nature,  that  all  organic  beings  profit 
from  an  occasional  cross  with  .individuals  not  closely  related 
to  them  in  blood ;  and  that,  on  the  other  hand,  long-continued 
close  interbreeding  is  injurious. 

■'  Various  general  considerations  have. had  much  influence  iii 
leading  me  to  this  conclusion;  but  the  reader  will  .probably 
rely  more  on  special  facts  and  opinions.  The  authority  of 
experienced  observers,  even  when  they  do  not  advance  the 
grounds  of  their  belief,  is  of  some  little  value,  Kow  almoi^t 
all. men  who  have  bred  many  kinds  of  animals  and  have 
written  on  the  subject,  such  as  Sir  J.   Sebright,   Andreifv 

•  *Th«  HUtory  of  the  RiM  and   Progren  of  the  Killerby,  &c.  Htrdi,*  p  41. 
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Eniglit,  &C.,'  have  expreflsed  the  litrongest  oonviction  on  the 
inipossibilitj  of  long-oontinaed  close  interbreeding.  Those 
who  have  oompiled  works  on  agricultnre,  and  have  associated 
ninch  with  breeders,,  such  as  the  sagacious  Youatt,  Low,'  c^c.; 
have  strongly  declared  their  opinion  to  the  same  effecU 
Prosper  Lucas,  trusting  hirgely  to  French  authorities,  has 
come  to  a  similar  conclusion.  The .  distinguished  Oerman 
agiiculturist  Hermann  von  Nathusius,  who  has  written  the 
most  able  treatise  on  this  subject  which  I  have  met  with^ 
concurs;  and  as  I  shall  have  to'  quote  from  this  treatise,  I 
may  state  that  Nathusius  is  not  only  intimately  acquainted 
with  works  on  agriculture  in  all  languages,  and  knows  the 
pedigrees  of  our  British  breeds  better  than  most  Englishmen, 
but  has  imported  many  of  our  improved  animals,  and  is  him- 
self  an  experienced  breeder. 

Evidence  of  the  evil  effects  of  close  interbreeding  can  most 
readily  be  acquired  in  the  case  of  animals,  such  as  fowls, 
pigeons,  <fec.,  which  propagate  quickly,  and,  from  being  kept 
in  the  same  place,  are  exposed  to  the  same  conditions.  Now 
I  have  inquired  of  very  many  breeders  of  these  birds,  and  I 
have  hitherto  not  met  with  a  single  man  who  was  not 
thoroughly  convinced  that  an  occasional  cross  with  another 
strain  of  the  same  sub-variety  was  absolutely  necessary. 
Most  breeders  of  highly  improved  or  fancy  birds  value  their 
own  strain,  and  are  most  unwilling,  at  the  risk,  in  their 
opinion,  of  deterioitttion,  to  make  a  cross.  The  purchase  of  a 
first-i'ate  bird  of  another  strain  is  expensive,  and  exchanges 
are  troublesome ;  yet  all  breeders,  as  far  as  I  can  hear,  ex- 
cepting those  who  keep  large  stocks  at  different  places  for 
the  sake  of  crossing,  are  driven  after  a  time  to  take  this  stop. 

Another  general  consideration  which  has  had  great  influence 
on  my  mind  is,  that  with  all  hermaphrodite  animals  and 
plants,  which  it  might  have  been  thought  would  have  per- 
petually fertilised  themselves  and  been  thus  subjected  for  long 
ages  to  the  closest  interbreeding,  there  is  not  a  single  species, 
as  far  as  I  can  discover,  in  which  tho  structure  ensures  self*^ 
fertilisation.     On  the  contrary,  there  are  in  a  multitude  pf 

•  For    Andrew    Knight,    aee    A.      S27.    Sir  J.  Sebright**  TrMtiM  knt 
Vidker,  on  '  Intermarrimgo,*  183S,  p.      Juft  been  qaoted. 
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cases,  as  briefly  stated  in  the  fifteentH  chapter,  manifest 
adaptations  which  faTonr  or  inevitably  lead  to  an  occasional 
cross  between  one  hermaphrodite  and  another  of  the  same 
species ;  and  these  adaptive  stimctnres  are  utterly  pni-poseless, 
tts  far  as  we  can  see,  for  any  other  end. 

With  Catth  there  can  be  no  donbt  that  extremely  close  inter* 
breeding  may  be  long  carried  on  advantageously  with  renjiect  to 
external  characters,  and  with  no  manifest  evil  os  far  as  constitution 
is  concerned.  The  cose  of  Bakewell'a  Longhoms,  which  were 
closely  interbred  for  a  long  period,  has  often  been  quoted;  vet 
Youatt  says^  the  breed  "  Imd  acquired  a  delicacy  of  constitution 
inconsistent  with  common  management,"  and  "  the  propagation  of 
the  species  was  not  always  certain."  But  the  Shorthorns  offer  the 
most  striking  case  of  close  interbreeding;  for  instunco,  the  famous 
bull  Favourite  (who  was  himself  the  offspring  of  a  half-brother  and 
sister  from  Fotjaml)e)  was  matched  with  his  own  daughter,  ginnd- 
daughter,  and  great-granddaughter ;  so  that  the  produce  of  this 
last  union,  or  the  great-great-granddaughter,  had  1&-I6ths,  or 
98*75  per  cent,  of  the  blood  of  f'avourito  in  her  veins.  This  cow 
was  matched  with  the  bull  Wellington,  having  62*5  per  cent  of 
Favourite  blood  in  his  veins,  and  produced  Clarissa ;  Clarissa  was 
matched  with  the  bull  Lancaster,  having  68*75  of  the  same  blood, 
and  she  yielded  valuable  offspring.*  ISIeverthcless  CoUings,  who 
reared  these  animals,  and  was  a  strong  advocate  for  dose  breeding, 
once  crossed  his  stock  with  a  Galloway,  and  the  cows  from  this 
cross  realised  the  highest  prices.  Bates's  herd  was  esteemed  the 
most  celebrated  in  the  world.  For  thirteen  years  he  bred  most 
closely  in  and  in ;  but  during  the  next  seventeen  ycara,  though  he 
hod  the  most  exalted  notion  of  tlie  value  of  his  own  stock,  he  thrice 
incised  fresh  blood  into  his  herd  :  it  is  Faid  that  he  did  this,  not  to 
improve  the  form  of  his  animals,  but  on  account  of  their  lessened 
fertility.    Mr.  Bates's  own  view,  as  given  hy  a  celebrated  bi-eoilcr,* 


*  «GatU«/p.  199. 

*  1  gire  thi«  on  tho  authority  of 
Nathasius,  'Ueber  Shorthorn  hind- 
Tleh,'  IBhl,  s.  71  («00  alM  *  Gardener's 
Chronicle,'  18(50,  p.  270).  But  Mr. 
J.  Storer,  n  Urge  breeder  of  cattle, 
informs  me  thnt  the  parentnge  of 
ClnrissA  is  not  well  nuthcnticnted.  In 
the  lint  rol.  of  tho  *  Herd  Boole,'  she 
was  entered  as  harins  six  descents 
from  Farourite,  *'  which  was  a  pnlpn* 
ble  mistalce,"  and  in  all  subsequent 
editions  she  was  spcien  of  as  baring 
only  four  descents.  Mr.  Storer  doubts 
even  about  the  four,  as  no  names  of 


tho  dams  are  given.  Moreover,  da* 
ri«sa  bore  **  only  two  bulls  and  one 
heifer,  and  in  the  next  generation  her 
progeny  b4*came  extinct,*'  Analogous 
oises  01  close  interbreeding  are  given 
in  a  pamphlet  publitihed  by  Mr.  C. 
Macknight  and  Dr.  H.  Madden,  *  On 
the  True  Principles  of  Brooding;' 
Melbourne,  Australia,  1805. 

•  Mr.  Willoughby  Wood,  in  <Gar. 
dener's  Chronicle,'  1855,  p.  411 ;  and 
1800,  p.  270.  See  the  very  clear 
tables  and  iiedigrees  given  in  Nathu* 
sius'  *  Rindvich,'  s.  72-77. 
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was,  tliAt "  to  breed  in-and-in  from  a  bad  stock  was  rain  and  de- 
TDfttation;  yet  that  the  practice  may  be  safely  followed  within 
certain  limits  when  the  parents  so  related  are  descended  from  first* 
rate  animals."  Wo  thns  see  that  there  has  been  much  close  inter- 
breeding with  Shorthorns;  but  Nathusins,  after  the  most  careful 
study  of  their  pedigrees,  says  that  he  can  find  no  instance  of  a 
bleeder  who  has  strictly  followed  this  practice  during  his  whole 
life.  From  this  study  and  his  own  experience,  he  concludes  that 
close  interbreeding  is  necessary  to  ennoble  the  stuck;  but  that  in 
effecting  this  the  greatest  care  is  necessary,  on  account  of  the  ten- 
dency to  infertility  and  weakness.  It  may  be  added,  that  another 
high  authority  *  asserts  that  many  more  calves  are  bom  cripples 
from  Shorthorns  than  from  other  and  less  closely  interbred  races 
of  cattle. 

Although  by  carefully  selecting  the  best  animals  (as  Nature 
effectually  does  by  the  law  of  battle)  close  interbreeding  may  be 
long  carried  on  with  cattle,  yet  the  good  effects  of  a  cross  between 


crossed  animals  are  of  course  of  no  yaluo  to  the  breeder;  but  they 
have  been  raised  during  many  years  in  several  parts  of  England  to 
bo  slaughtered ; '  and  their  merit  is  now  so  fully  recognised,  that 
at  fat- cattle  shows  a  separate  class  has  been  formed  for  their  re- 
ception. The  best  fat  ox  at  the  great  show  at  Islington  in  1862 
was  a  crossed  animal. 

The  half-wild  cattle,  which  have  been  kept  in  British  parks  pro- 
bably for  400  or  6Q0  years,  or  even  for  a  longer  period,  have  been 
advanced  by  Culley  and  others  as  a  cose  of  long -continued  int^- 
breoding  within  the  limits  of  the  same  herd  without  any  consequent 
injury.  With  respect  to  the  cattle  at  ChillinKham,  the  late  Lord 
Tankerville  owned  that  they  were  bad  breeders.*  The  agent,  Mr. 
Hardy,  estimates  (in  a  letter  to  me.  dated  May,  1861)  that  in  the 
herd  of  about  fifty  the  average  number  annually  slaughtered,  killed 
by  fighting,  and  ayinpr,  is  about  ten,  or  one  in  Hye.  As  the  herd 
is  kept  up  to  nearly  the  same  average  number,  the  annual  rate  of 
increase  must  be  likewise  about  one  in  five.  The  bulls,  I  may  add, 
engage  in  furious  battles,  of  which  battles  the  present  Lord  Tan- 
kerville has  given  me  a  graphic  description,  so  that  there  will 
always  bo  rigorous  selection  of  the  most  vigorous  males.  I  pro- 
cured in  1855  from  Mr.  D.  Gardner,  agent  to  the  Duke  of  Hamilton, 

'  Mr.  Wright,  'Joanuil  of  Boyal  bred  his  herJ  iD-flnd-ia  for  somo  yejug, 

Agricnlt.  Soc.,' vol.  vii.,  1846,  p.  204w  *<lo«t  in  on«  season    twenty -eight 

Mr.  J.  Dofrning  (a  successful  breeder  calre^  solely  from  want  of  constitu* 

of  Shorthorns  in  Ireland)  informs  me  tion." 

that  the  raisers  of  the  groat  families  *  Tonatt  on  Cattle,  p.  203. 

of  Shorthorns  carefully  ooncoal  their  *  *  Report  British  Assoc,  Zoolog 

sterility  and  want  of  constitution.  Ho  Sect.,'  1838. 
adds  that  Mr.  Bates,  after  he  had 
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the  following  aoconnt  of  tlio  wild  cattle  kept  in  the  Duke's  park  in 
Lanarkshire,  which  is  al)out  200  acres  in  extent  The  number  of 
cattle  varies  from  sizty-fiye  to  eighty ;  and  tlio  number  annually 
killed  (I  presume  by. all  causes)  is  from  eight  to  ten ;  so  tliat  the 
annual  rate  of  increase  can  liardly  ho  more  than  one  in  six.  Now 
in  South  America,  where  the  herds  are  half- wild,  and  thoreforo 
offer  a  nearly  £ftir  standard  of  comparison,  according  to  Azara  tho 
natural  increase  of  tho  cattle,  on  an  estuncia  is  from  one- third  to 
one- fourth  of  tho  total  number,  or  one  in  between  three  and  four  * 
and  this,  no  doubt,  appUcs  exclusively  to  adult  animals  fit  for  con- 
sumption. Hence  the  half-wild  British  cattle  which  have  long 
interbred  .within' tho  limits  of  the  same  herd  are  relatively  far  less 
fertile.  Although  in  an  unienclosed  country  like  Paraguay  there 
must  bo  some  crossing  lietwoon  the  different  herds,  yet  oven  ttiero 
the  inhabitants  believe  tluit  the  occasional  introduction  of  animals 
from  distant  localities  is  necessary  to  prevent "  degeneration  in  sizo 
•  and  diminution  of  fertility.** '®  Tho  decrease  in  size  from  ancient 
times  in  the  Chillingham  and  Hamilton  cattle  must  have  been  pro^ 
digious,  for  Professor  Hiitimeyer  has  shown  that  they  are  almost 
certainly  the  descendants  of  the  gigantic  Um  primii/cnius.  No 
doubt  this  decrease  in  size  may  be  largely  attributed  to  less  favour- 
able conditions  of  life ;  yet  animals  roaming  over  largo  parks,  and 
fed  during  severe  winters,  can  hardly  bo  considered  as  placed  under 
very  unfavourable  conditions. 

With  Shesrp  there  has  oftpn  boon  long-continued  interbreeding 
witliin  the  limits  of  the  same  flock ;  but  whether  the  nearest  rela- 
tions have  been  matched  so  frequently  as  in  the  case  of  Shorthorn 
cattle,  I  do  not  know.  The  Messrs.  Brown  during  fifty  years  have 
never  infused  fresh  blood  into  their  excellent  flock  of  Leicesters. 
Since  1810  Mr.  Barford  has  acted  on  the  same  principle  with  the 
Foscote  flock.  He  asserts  that  half  a  century  of  experience  has 
convinced,  liim  that  when  two  nearly  related  animals  are  quite 
sound  in.  constitution,  in-and-in  breeding  does  not  induce  aege- 
noracy;  liut  he  adds  that  ho  '^  does  not  pride  himself  on  brooding 
from  the  nearest  affinities.'*  In  France  the  Naz  flock  lias  been  bred 
for  sixty  years  without  the  introduction  of  a  single  strance  ram.^^ 
Nevertheless,  most  great  breeders  of  sheep  have  protestea  against 
close  interbreeding  prolonged  for  too  great  a  length  of  time."  The 
most  celebrated  of  recent  breeders,  Jonas  Webb,  kept  five  separate 
families  to  work  on,  thus  "  retaining  the  requisite  aistance  of  rela*. 
tionship  between  the  sexes;'*''  and  what  is  probably  of  greater 
importance,  the  separate  flocks  will  have  been  exposed  to  somewhat 
different  conditions. 

>•  Azam,  'Quadruplet  du  Para-  flock,  <  Bull,  do  la  Soe.  d'AocHmat./ 

f  uay,'  torn.  ii.  pp.  354,  368.  1860,  p.  477. 

■>  For    the    case  of  the  Messn.  >'  Kathusins,    *  Rindrieh,'  s.   65; 

Dravrn,  tee  '  Gard.  Chronicle,'  1855,  Youatt  on  Sheep,  p.  405. 
p.  26.    For  tho  Koeooto  flock,  <Gard.  "  'Gard.  Chronicle,'  1861,  p.  631 

ChroQ.,'  1860,  p.  416.     For  the  Nas 
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Although  by  the  aid  of  careful  solecb'on  the  near  iuterbreediDg 
of  Bheep  may  be  long  conlinued  without  any  manifest  evil,  yet  it 
has  often  been  the  practice  with  farmers  to  cross  distinct  breeds  to 
obtain  animals  for  the  butcher,  which  plainly  sliows  that  good  of 
some  kind  is  derived  from  tliis  practice.  We  have  excellent  evi- 
denco  on  this  head  from  Mr.  S.  Druce,"  who  gives  in  detail  the 
comparative- numbers  of  four  pure  breeds  and  of  a  crosiB-breed 
which  can  be  supported  on  the  same  ground,  and  he  gives  their  pro- 
duce in  fleece  and  carcase.  A  high  authority,  Mr.  Puseyi  sums  up 
the  result  in  money  value  during  an  equal  length  of  time,  namely 
(neglecting  shiUings),  for  Ck)t6wolds  2iSl.,  for  Xeicesters  228/.,  for 
Southdowns  204/..  for  Hampshire  Downs  2642.,  and  for  the  cross- 
bred 293/.  A  former  celebrated  breeder,  .Lord  Somerville,  states 
that  his  half-breeds  from  Byelonds  and  Spanish  sheep  were  larger 
animals  than  either  the  pure  Byelands  or  pure  Spanish  sheep. 
Mr.  Spooner  concludes  his  excellent  Ifssay  on  Crossing  by  asserting 
that  there  is  a  pecuniary  advantage  in  judicious  croES-brcoding, 
C8i)ecially  when  the  male  is  larger  than  the  female.^' 

As  some  of  our  British  parks  are  ancient,  it  occurred  to  me  that 
there  must  have  been  long-continued  close  interbreeding  with  the 
fallow-deer  (Of i;ii«  dama)  kept  in  them ;  but  on  inquiiy  I  find  that 
it  is  a  common  practice  to  infuse  new  blood  by  procuring  bucks 
from  other  parks.  Mr.  Shirley,'*  who  has  carefully  studied  the 
management  of  deer,  admits  that  in  some  parks  there  has  been  no 
admixture  of  foreign  blood  from  a  time  lieyoud  the  memory  of  man. 
But  he  concludes  "  that  in  the  end  the  constant  breeding  in-and-in 
"  is  sure  to  tell  to  the  disadvantage  of  the  whole  herd,  though  it 
"  may  take  a  very  long  time  to  prove  it;  moreover,  when  we  find, 
"  as  is  very  constantly  the  case,  that  the  introduction  of  fresh  blood 
''  has.lieen  of  the  vory  greatest  use  to  deer,  both  by  improving  their 
"  size  and  appearance,  and  particularly  by  being  of  service  in  re- 
"  moving  the  taint  of '  rick  back,'  if  not  of  other  diseases,  to  which 
"  doer  are  sometimes  subject  when  the  blood  has  not  been  cbangeil, 
"  there  can,  I  think,  be  no  doubt  but  that  a  judicious  cross  with  a 
"  good  stock  is  of  the  greatest  consequence,  and  is  indeed  essential, 
'*  sooner  or  later,  to  the  prosperity  of  evei'y  well-ordered  park." 

Mr.  Meyncirs  famous  foxhounds  have  boen  adduced,  as  showing 
that  no  ill  effects  follow  from  close  interbi-eeding ;  and  Sir  J, 
Sebright  ascertained  from  him  that  he  frequently  bred  from  father 
and  daughter,  mother  and  son,  and  sometimes  even  from  brothers 
and  sisters.  With  greyhounds  also  there  has  been  much  close 
interbreeding,  but  the  best  breeders  agree  that  it  may  be  carried 


*^  'Journal  R.  A gricult.  Soc,' vol.  ii.     8o6  also  an  excellent  pap^r  on 

xir.,  1853,  p.  212.  the  same  subject  in  *  Gard.  Chronicle,' 

>*  Lord    Somcrville,    '  Facts     on  1860,  p.  321,  by  Mr.  Charles  Howard. 
Sheep  and  Husbandry,'  p.  6.    Mr.  **  *  Some  Account  of  English  Deoi 

Spooner,  in  '  Journal  of  Royal  Agri-  '  Parks,'  by  Evelyn  P.  Shirley,  1867. 
colL  Soc.  of  England,'  rol.  xx.  part 
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loo  far.'^  Bat  Sir  J.  Sebright,  declares,^*  that  by  breeding  in^nd-tn, 
by  which  ho  means  matching  brothers  and  sisters,  he  has  actually 
seen  the  offspring  of  strong  spaniels  dogonerate  into  weak  and 
diminutiTO  lapdogs.  The  Bey.  W.  D.  Fox  has  ooromnnicated  to 
me  the  case  of  a  small  lot  of  bloodhounds,  long  kept  in  tlio  same 
family,  which  had  become  Tery  bad  breeders,  and  nearly  all  had  a 
.  bony  enlargement  in  the  tail.  A  single  cross  with  a  distinct  strain 
of  bloodhoands  restored  their  fertility,  and  drove  away  the  tendency 
to  malformation  in  the  tail.  I  have  heard  the  particulars  of  an- 
other case  with  bloodhounds,  in  which  the  female  had  to  be  held  to 
the  male.  Considering  how  rapid  is  the  natural  increase  of  the 
dog,  it  is  difficult  to  understand  the  large  price  of  all  highly  im- 

E roved  breeds,  which  almost  implies  long-continued  closo  intcr- 
reeding,  except  on  the  belief  that  this  process  lessens  fertility 
and  increases  liability  to  distemper  and  other  diseases.  A  high 
authority,  Mr.  Scrope,  attributes  the  rarity  and  deterioration  in 
size  of  the  Scotch  deerhound  (the  few  individuals  formerly  existing 
throughout  the  country  being  all  related)  in  large  part  to  close 
intorbi'eeding. 

"With  all  highly-bred  animals  there  is  more  or  less  difficulty  in 
getting  them  to  procreate  quickly,  and  all  suffer  much  from  delicacy 
of  constitution.  A  groat  judge  of  rabbits''  says,  "the  long-oared 
does  are  ofton  too  highly  bred  or  forced  in  their  youth  to  be  of  much 
value  as  breeders,  often  turning  out  barren  or  bod  mothers." 
They  often  desert  their  young,  so  that  it  is  necessary  to  have 
nurse-rabbitM,  but  I  do  not  pretend  to  attribute  all  these  evil  results 
to  close  interbreeding.** 

With  i-espeot  to  I^igs  there  is  more  unanimity  amongst  breeders 
on  the  evil  effects  of  close  interbreeding  than,  perhaps,  with  any 
other  large  animaL  Mr.  Drnce,  a  great  and  successful  breeder  of 
the  Improved  Oxfordshires  (a  crossed  race),  writes,  "without  a 
change  of  boars  of  a  different  tribe,  but  of  the  same  breed,  constitu- 
tion cannot  be  preserved."     Mr.  Fisher  Hobbs,  the  raiser  of  the 


>'  Stonehenge,  *  The  Dog,'  1867,  pp. 
175-188. 

"  *7he  Art  of  Improring  ih« 
Br«ed,'  &c,  p.  18.  With  respect  to 
Scotch  deerhounds,  tM  Scrope't  *  Art 
of  Deer  Sulking,'  pp.  350-353. 

»  <  Cottage  Giirdener/  1861,  p.  327. 

••  Mr.  Uuth  gives  ('The  Marriage 
of  Near  Kin,'  1875,  p.  302)  from  the 
<  Unlletin  de  TAcad.  R.  de  Med.  dc 
Belgique'  (vol.  ix.,  1866,  pp.  287, 
805),  aevernl  vtatementt  inado  by  a 
hi.  Legraia  with  rei])ect  to  crosaing 
brother  aud  sister  rabbits  for  five  or 
six  successive  geDeratiou  with  no 
consequent  evil  results.  I  was  so 
much  surprised  at  thiJb  account,  and 


at  M.  Legrain's  invariable  success 
in  his  experiments,  that  I  wrote  to  a 
distinguished  naturalist  in  Belgium 
to  inquire  whether  M.  Legrain  was  a 
trustworthy  observer.  In  answer,  1 
have  heard  that,  as  doubts  were  ex- 
pressed about  the  authenticity  of  theno 
ex])eriments,  a  commisiiion  of  inquiry 
was  appointed,  and  that  at  a  suc- 
ceeding meeting  of  the  Society  ('  Bull, 
de  I'Acail.  li.  de  M«kl.  do  Beigique,' 
1867,  3rd  series,  Tomo  1,  No.  1  to 
5),  Dr.  Crocq  rcpoKled  ''qu'il  litaii 
materiel lement  impossible  que  M.  I,.e- 
grain  ait  fait  les  esixSriences  qu'il 
annonce."  To  this  public  acccsatioa 
uo  sati:ifactory  an-swcr  was  made. 
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celebrated  IniproTsd  Essex  breed,  divided  his  stock  into  three 
separate  families,  by  which  means  ho  maintained  the  breed  for 
more  than  twenty  years,  "by  judicious  selection  from  the  ihrt^ 
diMtinct  /amUies."*^  Lord  Western  was  the  first  importer  of  a 
Neapolitan  boar  and  sow.  "  From  this  pair  he  bred  in-and-in, 
until  the  breed  was  in  danger  of  becoming  extinct,  a  sure  result 
(as  Mr.  Sidney  remarks^  of  in-and-in  breeding."  Lord  Western 
then  crossed  his  Neapolitan  pigs  with  the  old  Essex,  and  made  tho 
first  great  step  towards  the  Improved  Essex  breed.  Hero  is  a  more 
interesting  case.  Mr.  J.Wright,  well  known  as  a  breeder,  crossed" 
the  same  boar  with  the  daughter,  granddaughter,  and  great-grand- 
daughter, and  BO  on  for  seven  generations.  Tho  result  was,  that 
in  many  instances  tho  oiTspring  failed  to  breed;  in  others  they 
produced  few  that  lived;  and  of  tho  latter  many  were  idiotic, 
without  sense,  ev^n  to  suck,  and  when  attempting  to  move  could 
not  walk  straight.  Now  it  deserves  espocial  notice,  that  tho  two 
last  sows  produced  by  this  long  course  of  interbreeding  were  sent 
to  other  boors,  and  they  bore  several  litters  of  healthy  pigs.  The 
best  sow  in  external  appearance  produced  during  tho  wnole  seven 
generations  was  one  in  the  lost  stage  of  descent;  but  the  litter 
consisted  of  this  one  sow.  Sho  would  not  breed  to  her  sire,  yet 
bred  at  the  first  trial  to  a  stranger  in  blood.  So  that,  in  Mr. 
Wright's  cose,  long-continued  and  extremely  close  interbreeding 
did  not  afiect  the  external  form  or  merit  of  the  young;  but  with 
many  of  them  the  general  constitution  and  mental  powers,  and 
especially  the  reproductive  functions,  were  seriously  afiiected. 

Nathusius  gives''  an  analogous  and  even  more  striking  care:  ho 
imported  from  England  a  pi-cgnant  sow  of  tho  largo  Yorkshire 
breed,  and  bred  tho  product  closely  in-and-in  for  threo  generations : 
tho  result  was  unfavourable,  as  tho  young  were  weak  in  constitution, 
with  impaired  fertility.  One  of  the  latest  sows,  which  ho  esteemed 
a  good  animal,  produced,  wh(^n  paired  with  her  own  uncle  (who  was 
known  to  be  productive  with  sows  of  other  breeds),  a  litter  of  six, 
and  a  second  time  a  litter  of  only  five  w^k.younff  pigs.  He  then 
paired  this  sow  with  a  boar  of  a  small  black  breed,  which  he  had 
likewise  imported  from  England;  this  boar,  when  matched  with 
sows  of  his  own  breed,  produced  from  sovcn  to  nine  young.  Now, 
the  sow  of  tho  largo  brcod,  which  was  so  uiiptXKluctivo  when  paired 
with  her  own  undo,  yielded  to  tho  small  block  boor,  in  tho  first 
litter  twenty-one,  and  in  the  second  litter  eighteen  young  pigs;  So 
that  in  one  yeor  she  produced  thirty-nine  fine  young  animals  I 

As  in  the  cose  of  several  other  animals  already  mentioned,  even 

*>  Sidney's  edit,  of  '  Youatt  on  the  Col.   Lo  Cotitcnr,  who  has  done  so 

Pig, '  1860,  p.  SO ;   p.  S3,  quotation  much  for  the  agriculture  of  Jersey, 

from    Mr.   Druce;    p.   2U,  on  Lord  writes  to  mc  that  from  possessing  a 

•Vestern's  case.  fine  breed  of  pigs  he  bred  them  very 

■■**  <  Journal  of  Royal  AcricuIt.Soc.  closely,  twice  ]iairing   brothers  and 

df  Eogland,'-184G,  vol.  vii.  p.  205.  sisters,  but  nearly  all  the  young  had 

s*    'Ueber  RindTieh,'  &&,  s.  78.  fits  and  died  suddenly. 
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when  no  injury  is  perceptible  from  moderately  close  interbreeding, 
jrot,  to  quote  the  words  of  Mr.  Coate  (who  five  times  won  the  annual 
gold  medal  of  the  Smitlilield  Club  Show  for  the  liest  pen  of  pigs), 
'*  Grosses  answer  well  for  profit  to  the  farmer,  as  yon  get  more 
"  constitution  and  quicker  growth ;  bnt  for  mo,  who  Eeli  a  great 
"  number  of  pigs  for  breeding  purposes,  I  find  it  will  not  do,  as 
''it  requires  many  years  to  get  anything  like  purity  of  blood 
"again,"**      . 

Almost  all  the'  animals  aa  yet  mentioned  are  gregarious, 
and  the  males  must  frequently  pair  with  their  own  daughters, 
for  they  expel  the  young  males  as  well  as  all  intruders,  until 
forced  by  old  ago  and  loss  of  strength  to  yield  to  some  stronger 
male.  It  is  theroforo  not  improbable  that  greganous  animals 
may  havo  been  rondored.  less  susoeptiblo  than  non-social 
species  to  the  evil  oousequences  of  close  interbreeding,  so 
that  they  may  be  enabled  to  live  in  herds  without  injury 
to  Iheir  offspring.  Unfortunately  we  do  not  know  whether 
an  animal  like  the  cat,  which  is  not  gregarious,  would  sulTer 
from  close  interbreeding  in  a  greater  degree  than  our  other 
domesticated  animals.  But  the  pig  is  not,  as  far  as  I  can 
discover,  strictly  gregarious,  and  we  have  seen  that  it  appears 
eminently  liable  to  the  evil  effects  of  close  interbi^eeding. 
Mr.  Huth,  in  the  case  of  the  pig,  attributes  (p.  285)  these 
effeots  to  their  having  been  **  cultivated  most  for  their  fat,'*  or 
to  the  selected  individuals  having  had  a  weak  constitution ; 
but  we  must  remember  that  it  is  great  breeders  who  have 
brought  forward  the  above  cases,  and  who  are  far  more 
familiar  than  ordinary  men  can  be,  with  the  causes  which  are 
likely  to  interfere  with  the  fertility  of  their  animals. 

The  effects  of  close  interbreeding  in  the  case  of  man  is  a 
difficult  subject,  on  which  I  will  say  but  little.  It  has  been 
discussed  by  various  authors  under  many  points  of  view.^^ 


*'  Sidney  on  the  Pig,  p.  86.  See 
rIm  note,  p.  34.  Al8;>  KtchartUon  on 
the  Pig,  1847,  p.  26. 

^  Dr.  Dally  has  published  an  excel- 
lent article  (translated  in  the '  Anthro* 
polog.  Keriew,'  May,  1804,  p.  65), 
criticbing  all  writers  who  hare  main- 
tained, that  evil  follows  from  con- 
saugnineotts  marriages.  No  doubt  on 
thin  rtide  of  the  queatioq  mtny  adro- 


catcs  hare  injured  their  cause  bj  in- 
accuracies: thu.4  it  has  been  stated 
(Dovay,  *  Dn  Danger  dcs  Marlnges,' 
iiCf  1862,  p.  141)  that  themarriHgcs 
of  cousins  hare  been  prohibited  by 
the  legislature  of  Ohio ;  but  I  have 
been  assured,  in  answer  to  inquiries 
made  in  the  •  United  States,  that  thi» 
statement  is  a  nsere  fable. 
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Mr.  Tylor",haa  shown  that  with  widely  dififorent  races,  in 
tho  most  distant  quarters  of  the  world,' marriages  between 
relations— even  between  distant  relations — have  been  strictly 
prohibited.  There  are,  however,  many  exceptions  to  the 
rule,  which  are  fully  given  by  Mr.  Huth.*'  It  is  a  curies 
problem  how  these  prohibitions  arose  during  early  an4 
barbarous  times.  Mr.  Tylor  is  inclined  to  attribute  them  to 
the  evil  effects  of  consanguineous  marriages  having  been  ob- 
served ;  and  he  ingeniously  attempts  to  explain  some  apparent 
anomalies  in  the  prohibition  not  extending  equally  to  tho 
relations  on  the  male  and  female  side.  Ho  admits,  however, 
that  other  causes,  such  as  the  extension  of  friendly  alliances, 
may  have  coino  into  play.  Mr.  W.  Adam,  on  the  other  hand, 
concludes  that  related  marriages  are  prohibited  and  viewed 
with  repugnance,  from  the  confusion  which  would  thus  arise 
in  the  descent  of  property,  and  from  other  still  moix)  recondite 
reasons.  But  I  cannot  accept  these  views,  seeing  that  incest 
is  held  in  abhorrence  by  savages  such  as  those  of  Australia 
and  South  America,'*  who  have  no  property  to  bequeath,  or 
fine  moral  feelings  to  confuse,  and  who  are  not  likely  to 
reflect  on  distant  evils  to  their  progeny.  According  to  Mr. 
Iluth  tho  feeling  is  tho  indirect  result  of  exogamy,  inasmuch 
as  when  this  practice  ceased  in  any  tribe  and  it  became 
endogamous,  so  that  marriages  were  strictly  confined  to  the 
same  tribe,  it  is  not  tmlikely  that  a  vestige  of  the  former 
practice  would  still  be  retained,  so  that  closely-related 
marriages  would  be  prohibited.  With  respect  to  exogamy 
itself  Mr.  MacLennan  believes  that  it  arose  from  a  scarcity 
of  women,  owing  to  female  infanticide,  aided  perhaps  by 
other  causes. 

It  has  been  clearly  shown  by  Mr.  Huth  that  there  is  no 


**  See  his  interesting  work  on  the 
<  Enrly  History  of  Man,'  1863,  chap.  z. 

"  «The  Marriage  of  Near  Kin,' 
1875.  The  eridence  given  hj  Mr. 
Uttth  would,  I  think,  hare  been  even 
more  Taluable  than  it  is  on  this  and 
some  other  points,  if  ho  had  referred 
solely  to  tho  works  of  men  who  had 
long  resided  in  each  country  referred 
to,  and  who  showed  that  they  possessed 


injlgment  and  caution.  See  also  Mr. 
W.  Adam, '  On  Consanguinity  in  Mar- 
riage '  in  the  *  Fortnightly  Reriew,' 
18f>5,  p.  710.  Also  HofacVer,  <  Ueber 
die  Eigenschafben,'  &c.,  18'.'8. 

**  Sir  a.  Grey's  *  Journal  of  Ezpe* 
ditions  into  Australia,'  rol.  ii.  p.  243  ; 
and  Dobrizhoflfcr,  *  On  the  Abiponet  ol 
South  Ameriso.' 
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instinotive  feeling  in  man  against  incest  any  mora  than  in 
gregariouB  animals.  We  know  also  liow  readily  any  prajudioe 
or  feeling  may  rise  to  abhorrence,  as  shown  by  Hindus  in 
regard  to  objects  causing  defilement.  Although  tliere  seems 
to  be  no  strong  inherited  feeling  in  mankind  against  incest, 
it  seems  possible  that  men  during  primeval  times  may  have 
been  more  excited  by  strange  females-  than  by  those  with 
whom  they  habitually  lived;  in  the  same  manner  as  accord- 
ing to  Mr.  Cupples,^*  male  deerhounds  are  inclined  towards 
strange  females,  while  the  females  prefer  dogs  with  whom 
they  have  associated.  If  any  such  feeling  foimerly  existed 
in  man,  this  would  have  led  to  a  preference  for  marriages 
beyond  the  nearest  kin,  and  might  have  been  strengthened 
by  the  offspring  of  such  marriages  surviving  in  greater 
numbers,  as  analogy  would  lead  us  to  believe  would  have 
occurred. 

Whether  consanguineous  marriages,  such  as  are  permitted 
in  civilised  nations,  and  which  would  not  bo  considered  as 
close  interbreeding  in  the  case  of  our  domesticated  animals, 
cause  any  injury  will  never  be  known  with  certainty  until  a 
census  is  taken  with  this  object  in  view.  My  son,  George 
Darwin,  has  done  what  is  possible  at  present  by  a  statistical 
investigation,*®  and  he  has  come  to  the  conclusion,  fi-om  his 
own  researches  and  those  of  Dr.  Mitchell,  that  the  evidence  as 
to  any  evil  thus  caused  is  conflicting,  but  on  the  whole  points 
to  the  evil  being  very  small. 

Birth. — In  the  cose  of  the  Fowl  n  whole  aiTay  of  authorities 
could  be  given  against  too  close  interbreeding.  Sir  J.  Sebright 
positively  asserts  that  he  mode  many  trials,  and  that  his  fowb, 
when  thus  treated,  became  long  in  the  legs,  small  in  the  body,  and 
bad  breeders.*^  Ho  produced  the  famous  Sebright  Bantams  by 
complicated  crosses,  and  by  breeding  in-and-in ;  and  since  his  time 
there  has  been  much  close  interbreeding  with  these  animals;  and 
they  are  now  notoriously  bod  breeders.  1  liave  seen  Silver  Bantams, 
directly  descended  from  his  stock,  which  hod  become  almost  as 
bfiuren  as  hybrids;  for  not  a  single  chicken  had  been  that  year 


**  '  DesccDt  of  Mao,  2od.  edit  p.  Reriew,'  JuDe,  1875. 

524.  ••  *Th«    Art    of    Improrlag    thf 

*•  '  Journal  of  SUtisiieal  Soc'  Joae,  Breed,'  p.  1 3. 
1875,    p.    153;    and    <  Fortnightly 
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hatclicd  from  two  full  nosts  of  eggs.  Mr.  Hewitt  says  that  with 
these  Bantams  the  sterility  of  the  male  stands,  with  rare  excoptions, 
in  the  closest  relation  with  their  loss  of  certain  secondary  male 
characters  s  he  odds,  "  I  have  noticed,  as  a  general  rule,  that  oven 
**  the  slightest  deviation  from  feminine  character  in  the  tail  of  the 
**  male  Sebright— say  the  elongation  by  onl^  half  an  inch  of  the  two 
?  principal  tail  feathers— -brings  witli  it  improved  probability  of 
•*  increased  fertility."* 
Mr.  Wright  states*  that  Mr.  Clark, "  whose  fighting-cocks  were 
so  notorious,  continped  to  breed  from  his  own  kind  till  tbey  lost 
their  disposition  to  fight,  but  stood  to  be  cut  up  without  making 
any  resistance,  and  were  so  reduced  in  size  as  to  be  under  those 
"  weights  required  for  the  best  prizes ;  but  on  obtaining  a'  cross 
'*  from  Mr.  iJeighton,  they  again  resumed  their  former  courage  and 
"  weight.**  It  should  be  borne  in  mind  that  game-cocks  before  they 
fought  wore  always  weighed,  so  that  nothing  wos  left  to  the  imagi- 
nation about  any  reduction  or  increase  of  weight.  Mr.  Clark  does 
not  seem  to  have  bred  from  brothers  and  sisters,  which  is  the  most 
injurious  kind  of  union;  and  he  found,  after  repeated  trials,  that 
there  was  a  greater  reduction  in  weight  in  the  young  from  o 
father  paired  with  his  daughter,  than  from  a  mother  with  her  son 
I  may  add  that  Mr.  Eyton,  of  Eyton,  the  well-known  ornithologist', 
who  is  a  lar^e  breeder  of  Grey  Dorkings,  informs  me  that  they 
certainly  diminish  in  size,  and  become  less  pi-olifio,  unless  a  cross 
with  another  strain  is  occasionally  obtained.  So  it  is  with  Malays, 
accoi-diug  to  Mr.  Hewitt,  as  far  as  size  is  concerned.'" 

An  experienced  writer  "^  remarks  that  the  same  amateur,  as 
Ss  well  known,  seldom  long  maintains  the  superiority  of  his  birds ; 
and  this,  he  adds,  undoubtedly  is  due  to  all  his  stock  "being 
of  the  same  blood;"  hence  it  is  indispensable  that  he  should 
occasionally  procure  a  bird  of  another  strain.  But  this  is  not 
necessary  with  those  who  keep  a  stock  of  fowls  at  different  stations. 
Thus,  Mr.  Ballance,  who  has  bred  Malays  for  thirty  years,  and 
has  won  more  prizes  with  these  birds  than  any  other  fancier 
in  ELgland,  says  that  breeding  in-and-in  does  not  necessarily 
cause  deterioration ;  "  but  all  depends  upon  how  tliis  is  managed." 
"  My  plan  has  been  to  keep  about  five  or  six  distinct  runs,  and 
"  to  rear  about  two  hundred  or  three  hundred  chickens  each  year, 
"and  select  the  best  birds  from  each  run  for  crossing.  I  thus 
"  secure  sufficient  crossing  to  prevent  deterioration.'  '^ 


M  *The  Poultry  Book,'  by  W.  B. 
Tcgetmeier,  18(>i>,  p.  245. 

**  *  Journal  Roynl  Agricult.  Soc.,' 
1846,  vol.  vii.  p.  205 ;  tee  nlso  Kergu- 
son  on  the  Vowl,  pp.  83,  317 ;  tee  al»o 
•The  Poultry  Book,'  by  Tegetmeier, 
186tf,  p.  135,  with  respect  to  the 
extent  to  which  oock-Hghtem  found 
that  they  could  venture  to  breed  in- 


end 'in,  vis.,  ocra.>  tonally  a  hen  with 
her  own  son ;  **  but  they  were  cautious 
not  to  repent  the  in-and-in  breeding." 

»*  *The  Poultry  Book,'  by  W.  B. 
Tegetmeier,  •1806,  p.  79. 

^  'The  Poultry  Chrx>nide,'  1854, 
Tol.  i.  p.  43. 

»•  *Jhe  Poultry  Book,'  by  W.  B 
Tegeti^er,  18d«,  p.  79. 


106  GOOD  FBOU  CBOSSING.  Ciur.  XVU 

•We  thus  see  that  thero  is  almost  complete  unanimity  with 
poultry-breeders  that,  Avhen  fowte  are  kept  at  the  same  place, 
evil  quickly  follows  from  interbreeding  carried  on  to  an  extent 
which  would  be  disregarded  in  the  case  of  most  quadrupeds. 
Horeover,  it  is  a  generally  received  opinion  that  croes-bred 
cliickens  lire  the  hardiest  and  most  easily  reared.*'  Mr.  Tegetroeier, 
who  has  carefully  attended  to  poultry  of  all  breeds,  says**  that 
Dorking  hens,  allowed  to  ran  with  Houdan  or  Crevecoeur  cocks, 
"  produce  in  the  early  spring  chickens  that  for  size,  hardihood, 
"early  maturity,  and  fitness  for  the  market,  surpass  those  of  any 
*'puro  breed  that  wo  have  ever  raised."  Mr.  Uewitt  gives  it  as 
a  general,  rule  with  fowls,  that  crossing  tlie  breed  increases  their 
size.  He  makes  this  remark  after  stating  tliat  hybrids  from 
the  pheasant  and  fowl  are  considerably  larger  than  either  progenitor : 
so  again,  hybrids  from  the  male  golden  pheasant  and  female  common 
pheasant  "are  of  far  larger  size  than  either  parent-bird.""  To 
this  subject  of  the  increased  size  of  hybrids  I  shall  presently  return. 
-  With  J^igeoM,  breeders  are  unanimous,  as  previously  stated, 
that  it  IS  absolutely  indispensable,  notwithstanding  the  trouble 
and  expense  thus  caused,  occasionally  to  cross  their  much- prized 
birds  with  individuals  of  another  strain,  but  belonging,  of  course, 
to  the  Fame  variety.  It  deserves  notice  that,  when  size  is  one 
of  the  desired  characters,  as  with  poutcrs,^'^  il.o  evil  effects  of  close 
interbreeding  are  much  sooner  i)ei*coivod  than  when  small  birds, 
such  as  short-faced  tumblers,  are  valued.  The  extreme  delicacy 
of  the  high  fancy  breeds,  such  as  these  tumblers  and  improved 
English  carriers,  is  remarkable;  they  are  liable  to  many  diseases, 
iand  often  die  in  the  egg  or  during  the  first  moult ;  and  their  eggs 
have  generally  to  be  hatched  under  foster-mothers.-  Although 
these  highly-prized  birds  have  invariably  lieen  pubjccted  to  much 
close  interbreeding,  yet  their  extreme  delicacy  of  constitution 
cannot  perhaps  bo  thus  fully  explained.  Mr.  Yan*ell  informed  mo 
that  Sir  J.  I^bright  continued  closely  intorbrtoding  Fome  owl- 
pigeons,  until  from  tlieir  extreme  sterility  ho  as  nearly  as  |x>ssible 
lost  the  whole  family.  Mr.  Brent  ^^  tried  to  raise  a  breed  of 
trumpeters,  by  crossing  a  common  pigeon,  and  recrossihg  the 
daughter,  granddaughter,  great- granddaughter,  and  great- great- 
granddaughter,  with  the  same  male  trumpeter,  until  he  obtained 
a  bird  with  {J^  of  trumpeter's  blood;  but  then  the  experiment 
failed,  for  "breeding  so  close  stopped  reproduction."  The  ex- 
perienced Neumeister  ^' also  asserts  that  the  offspring  from  dove- 
cotes and  various  other  breeds  are  "generally  very  fertile  and 


"  «Thc  Poultry  Chronicle,' rol.  i.  *•  *  A  Troatise  on  Fancy  Pigeons,' 

p.  89.  by  J.  M.  Eaton,  p.  56. 

*•  *The  Poaltry  Book.'  1866,  p.  "  *  The  Pigeon  Book,' p.  46. 

310.  ^*  *Das  Gonie  der  Taab«niaehV 

••  Ibid.  1866,  p.  167  ;  and  <  Poultry  1837,  ■.  Id. 
Chronicle,'  voL  lii.,  18>5,  (V.  15. 
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hardy  birds : "  bo  again,  MM.  Boitard  and  Corbi^/'  after  forty-fire 
yeara*  ozperienoe,  recommend  persons  to  cross  their  breeds  for 
amusement;  for,  if  ibey  fiui  to  make  interesting  birds,  they  will 
succeed  under  an  economical  point  of  Tiew,  "  as  it  is  found  that 
mongrels  are  more  fertile  than  pigeons  of  pure  race." 

I  will  rcf3r  only  to  one  other  animal,  namely,  the  Hive-bee, 
because  a  distinguished  entomologist  has  advanced  this  as  a  case 
of  inevitable  close  interbreeding.  As'  the  hive  is  tenanted  by  a 
single  female,  it  might  have  been  thought  that  her  male  and 
female  oflTspring  -wonld  always  have  bred  together,  more  especially 
OS  bees  of  difftfrent  hives  are  hostile  to  each  other;  a  strange  worker 
being  almost  always  attacked  when  trying  to  enter  another  hive. 
But  Mr.  Tegetmeier  has  shown  ^^  that  this  instinct  does  not  apply 
to  drones,  which  are  prrmitted  to  enter  any  hive ;  so  that  there 
is  no  a  priori  improbability  of  a  queen  receiving  a  foreign  drone. 
The  &ct  of  the  union  invariably  and  necessarily  taking  place 
on  the  wing,  during  the  queen*s  nuptial  flight,  seems  to  be  a  special 
provision  against  continued  interbreeding.  However  this  may  be^ 
ezperience  has  shown,  since  the  introduction  of  the  yellow-banded 
Iiigurian  race  into  Germany  and  England,  that  bees  freely  cross: 
Mr.  Woodbury,  who  introduced  Liguriaa  bees  into  Devonshire, 
found  during  a  single  season  that  three  stocks,  at  distances  of  from 
one  to  two  miles  frum  his  hives,  were  crossed  by  his  drones. 
In  one  cose  the  Ligurian  drones  must  have  flown  over  the  city 
of  Exeter,  and  over  several  intermediate  hives.  On  another 
occasion  several  common  black  qnoons  wore  crossed  by  Ligurian 
drones  at  a  distance  of  from  one  to  tlirco  and  a  half  milcs.^ 

PlanU. 

TVhen  a  single  plant  of  a  new  species  is  introduced  into  any 
country,  if  propagated  by  seed,  many  individuals  will  soon  be 
raised,  so  that  if  the  proper  insects  be  present  there  will  be  crossing. 
"With  newly-introduced  trees  or  other  plants  not  propagated 
by  seed  we  are  not  here  concerned.  With  old-established  plants 
it  is  an  almost  universal  practice  occasionally  to  make  exchanges 
of  Fcod,  by  which  means  individuals  which  have  been  exposed 
to  difibrent  conditions  of  life, — and  this,  as  wo  have  seen  with 
animals,  diminishes  the  evil  from  close  interbreeding,  —  will 
occasionally  be  introduced  into  each  district 

With  respect  to  individuals  belonging  to  the  same  sub-variety» 
Gartner,  whose  accuracy  and  experience  exceeded  that  of  all  other 
observers,  states^  that  he  has  many  times  observed  good  effects 
from  this  step,  especially  with  exotic  genera,  of  which  the  fertility 
is   somewhat  impaired,   such    as   Passiflora,   Lobelia,   Fuchsia. 


**  *  Les  Pigeons,'  1824,  p.  S5.  pp.  39,  77,  158 ;  and  1864,  p.  206. 

**  *Proc.   Kntoinolog.   Soc,'  Aug.  ^  'Bcitrage    xut    KcnntniM    dtr 

Sth,  I860,  p.  126.  MruchtuDg/  1844,  i.  366. 
<•*  JonroHl  of  Horticulture  1961» 
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Herbert  also  says/^  "  I  am  inclined  to  think  that  I  have  deriyed 
''advantage  from  impregnating  the  flower  firom  which  I  wished 
to  obtain  seed  with  pollen  from  another  individual  of  the  same 
variety,  or  at  least  from  another  flower,  rather  than  with  its 
own."  Again,  Professor  Lecoq  ascertained  that  crossed  oflbpring 
are  more  vigorous  and  robust  than  their  parents.^' 

General  statements  of  this  kind,  however,  can  seldom  be  fully 
tmstcKl :  I  therefore  began  a  long  series  of  experiments,  continued 
for  about  ten  years,  which  will  I  think  conclusively  show  the 
good  oflbcta  of  crossing  two  distinct  plants  of  the  same  variety 
and  tl)o  evil  effects  of  long-continuod  self-fortilisatJon.  A  clear 
light  will  thus  be  thrown  on  such  questions,  as  why  flowers  are 
almost  invariably  constructed  so  as  to  permit,  or  favour,  or  necessi- 
tate the  union  of  two  individuals  Wo  shall  clearly  understand 
why  monoecious  and  dioecious, — why  dicbogomous,  dimorphic  and 
trimorphic  plants  exist,  and  many  other  such  cases.  I  intend  soon 
to  publish  an  account  of  these  experiments,  and  I  can  here  give  only 
a  few  cases  in  illustration.    The  plan  which  I  followed  was  to  grow 

Slants  in  the  same  pot,  or  in  pots  of  the  same  size,  or  close  together  in 
le  open  ground;  carefully  to  exclude  insects;  and  then  to  fertilise 
some  of  the  flowers  with  pollen  from  the  same  flower,  and  others 
on  the  same  plant  with  pollen  from  a  distinct  but  adjoining  plant 
In  many  of  these  experiments,  the  crossed  plants  .Yielded  much 
more  seed  than  the  self-fertilised  plants;  and  1  have  never  seen 
the  reversed  case.  The  self-fertilised  and  crossed  seeds  thus 
obtained  were  allowed  to  germinate  in  the  same  glass  vessel  on 
damp  sand;  and  as  the  seeds  germinated,  they  were  planted 
in  pairs  on  opposite  sides  of  the  same  pot,  wiih  a  superficial 
partition  between  them,  and  were  placed  so  as  to  be  equally  ex- 
posed to  the  light.  In  other  cases  the  self-fertilised  and  crossed 
seeds  were  simply  sown  on  opposite  sides  of  the  same  small  pot. 
I  have,  in  short,  followed  diflferent  plans,  but  in  every  case  have 
taken  all  the  precautions  which  I  could  think  of,  so  that  the  two 
lots  should  be  equally  favoured.  -  The  growth  of  the  plants  raised 
from  the  crossed  and  self-fertilised  seed,  were  carefully  observed  from 
their  germination  to  maturity,  in  species  belonging  to  flfty-two 
genera;  and  the  difference  in  their  growth,  and  in  withstanding 
unfavourable  conditions,  was  in  most  cases  manifest  and  strongly 
marked.  It  is  of  importance  that  the  two  lots  of  seed  should  be 
nown  or  planted  on  opposite  sides  of  the  same  pot,  so  that  the  seed- 
lings may  struggle  against  each  other;  for  if  sown  separately  in 
sniple  and  good  soil,  there  is  often  but  little  difference  in  titieir  growth. 
1  will  briefly  describe  two  of  tho  first  cases  ol^erved  by  me. 
Six  crossed  and  six  self-fertilised  seeds  of  Jpomoett  purpurea,  from 
plants  treated  in  the  manner  above  described,  were  planted  as  soon 
as  they  had  germinated,  in  pairs  on  opposite  sides  of  two  pots, 
and  rods  of  equal  thickness  were  given  tliem  to  twine  up.    Five 

•'  '  AmarylUdaoMi,'  p.  871.  ••  '  D*  U  Ptfooodatiou/  2a>l  odU.,  U89,  ^  79. 
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of  the  croBsed  plants  grew  from  the  first  more  quickly  than  the 
opposed  self-fertilised  plants ;  the  sixth,  however,  was  weakly  and 
was  for  a  time  heaten,  but  at  last  its  sonnder  constitution  prevailed 
and  it  shot  ahead  of  its  antagonist.  As  soon  as  each  crossed  plant 
reached  the  top  of  its  seven-foot  rod  its  fellow  was  measured,  and 
the  result  was  that,  when  the  crossed  plants  were  seven  feet  high 
the  self-fertilised  had  attained  the  average  height  of  only  five  feet 
four  and  a  half  inches.  The  crossed  plants  fipwcrod  a  little  before, 
and  more  profiisely  than  the  self-fertiIifH3d  plants.  On  opposite 
sides  of  another  tmalL  pot  a  large  number  of  crossed  and  self- 
fertilised  seeds  were  sown,  so  that  they  had  to  struf^gle  for  bare 
existence ;  a  single  rod  was  given  to  eaon  lot :  hare  again  the  crossed 
plants  showed  from  the  first  their  advantage;  they  never  quite 
reached  the  summit  of  the  seven-foot  rod,  but  relatively  to  the 
self-fertilised  plants  their  average  height  was  as  seven  feet  to  five 
feet  two  inches.  The  experiment  was  repeated  during  several 
succeeding  generations,  tr^ted  in  exactly  the  same  manner,  and 
with  nearly  the  same  result  In  the  second  generation,  the  crossed 
plants,  which  were  again  crossed,  produced  121  seed  -  capsules, 
whilst  the  self-fertiliseid,  again  self-fertilised,  produced  only  84 
capsules. 

Some  flowers  of  the  Mknulus  lutsMs  were  fertilised  with  their 
own  pollen,  and  others  were  crossed  with  pollen  from  distinct  plants 
growmg  in  the  same  pot  The  seeds  were  thickly  sown  on 
opposite  sides  of  a, pot  The  seedlings  were  at  first  equal  in 
height;  but  when  the  young  crossed  plants  were  half  an  inch, 
the  self-fertilised  plants  wore  only  a  quarter  of  on  inch  high. 
But  this  degree  of  inequality  did  not  kuBt,  for,  when  the  croeo9d 
plants  were  four  and  a  half  inches  high,  the  self-fertilised  were 
three  inches,  and  they  retained  the  same  relative  difference  till 
Uieir  growth  was  complete.  The  crossed  plants  looked  tax  more 
vigorous  than  the  uncrossed,  and  flowered  before  them;  they 
produced  also  a  far  greater  number  of  capsules.  As  in  the  former 
case,  the  experiment  was  repeated  during  several  succeeding  gene- 
rations. Had  I  not  watched  these  plants  of  Mimulus  and  Ipomcea 
during  their  whole  growth,  I  could  not  have  believed  it  possible, 
that  a  difference  apparently  so  slight  as  that  of  the  pollen  being  taken 
from  the  same  flower,  or  from  a  distinct  plant  growing  in  the  some 
pot,  could  have  made  so  wonderful  a  difference  in  the  growth  and 
vigour  of  the  plants  thus  produced.  This,  under  a  physiological 
point  of  view,  is  a  most  remarkable  phenomenon. 

With  respect  to  the  benefit .  derived  from  crossing  distinct 
varieties,  plenty  of  evidence  has  been  published.  Sageret^  re- 
peatedly speaks  in  strong  terms  of  l^e  vigour  of  melons  raised  by 
crossing  different  varieties,  aod  adds  that  they  are  more  easilv 
fertilise  than  common  melons,  and  produce  numerous  good  seed 

**  'If^molreiiir  1m  CncnrbiUo^M,'  pp.  36,  88,  30. 
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Here  followa  the  evidence  of  an  English  gardener:'^  ''I  hare  this 
'«  summer  met  with  hetter  success  in  my  cnltiYation  of  melons,  in 

an  unprotected  state,  from  the  seeds  of  hybrids  (U,  mongrels) 

obtained  by  cross  impregnation,  than  with  old  yaricties.    The 

offspring  of  three  different  hybridisations  ^one  more  especially^  of 
"  which  the  parents  were  the  two  most  dissimilar  yarietios  I  could 
"  select)  each  yielded  more  ample  and  finer  produce  than  any  cno 
"  of  between  twenty  and  thirty  established  yarieties." 

Andrew  Knight*^  believed  that  his  seedlings  from  crossed  yarietios 
of  the  apple  exhibited  increased  yi^ur  and  luxuriimce;  and  M. 
Chevroul^  alludes  to  the  extreme  yigour  of  some  of  the  crossed 
fruit-trees  raised  by  Sageroi 

By  crossing  reciprocally  the  tallest  and  shortest  peas,  Knight" 
says:  **I  had  in  this  experiment  a  striking  instance  of  tlio 
"  stimulatiye  effects  of  crossincr  the  breeds;  for  tlie  smallest  yariety, 
**  whose  height  rarely  exceeded  two  feet,  was  increased  to  six  feet; 
"  whilst  the  height  of  the  large  and  luxuriant  kind  was  yerv  little 
"  diminished."  Mr.  Laxton  gave  me  seed-peas  produced  from 
crosses  between  four  distinct  kinds;  and  the  plants  tnus  raised  were 
extraordinarily  yigorous,  being  in  each  case  frum  one  to  two  or  threu 
feet  tailor  than  the  parent-forms  growing  close  alongside  them. 

Wiegmann^  maao  many  crosses  between  seyeral  yarioties  of 
cabbage;  and  ho  speaks  with  astonishment  of  the  yigour  and 
height  of  the  mongrels,  which  excited  the  amazement  of  all  the 
garaeners  who  beheld  them.  Mr.  Chaundy  raised  a  great  number 
of  mongrels  by  planting  together  six  distinct  yarieties  of  cabbage. 
These  mongrels  displayed  an  infinite  diversity  of  character;  **But 
"  the  most  remarkable  circumstance  was,  that,  while  all  the  other 
"  cabbages  and  borecoles  in  the  nursery  were  destroyed  by  a  severe 
"  winter,  these  hybrids  were  little  injured,  and  supplied  the  kitchen 
"  when  there  was  no  other  cabbage  to  be  had." 

Mr.  Maund  exhibited  before  tlie  Boyal  Agricultaral  Society^ 
specimens  of  crossed  wheat,  together  with  their  parent  varieties ; 
and  the  editor  states  that  they  were  intermediate  in  character, 
"  united  with  that  greater  vigour  of  g^wth,  which  it  appeara,  in 
*'  the  vegetable  as  in  the  animal  world,  is  the  result  of  a  first  cross." 
Knight  also  crossed  several  varieties  of  wheat,"  and  he  says  "  that 
"  in  the  years  1795  and  1796,  when  almost  the  whole  crop  of  com 
*'  in  the  island  was  blighted,  the  varieties  thus  obtained,  and  these 
"  only,  escaped  in  this  neighbourhood,  though  sown  in  several 
"  different  soils  and  situations.** 


**  Loudon**  *  Card.  Mag.,' vol.  vlii.,.         ^  '  Ueber  dio   BaBtarderxeugiang,' 

1832,  p.  52.  1828,  •.  32,  8.).     For  Mr.  Chaundy'i 

*■  *  Tranvact.  Hori.  Soc,'  roL  i.  p.  casa,  Me  Loudon'*  *  Qard.  Mag.'  voL 

25.  vii.  1831,  p.  696. 

**  <  AnnaL  des  Sc  Nat.,'  3rd  seriM,  **  *  Gardener'a    Chron.,'    1840,   p 

Boi.,  torn.  vL  p.  189.  601. 

•*  ThiloMphiiml        Transactions,'  *''  <  Philosoph.  Transact.,'  1709,  p 

1799,  p.  200.  201. 
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Here  is  a  remarkable  case :  M.  Olotzsch^  crossed  Pinus  »ylveBtrU 
and  fUgrioanBj  Quercus  robur  and  pechmeulcUaf  Mnwts  gluiinosa  and 
itieasia,  Ultnus  oampeBtris  and  effuaa ;  and  the  cross-fertilised  seeds, 
as  well  as  seeds  of  the  pure  parent-trees,  were  all  sown  at  the  same 
time  and  in  the  same  place.  The  result  was,  that  after  an  interval  of 
eight  years,  the  hybrids  were  one-third  taller  than  the  pure  trees  1 

The  facts  above  given  refer  to  nndoubtod  varieties,  excepting 
the  trees  crossed  by  Glotzsch,  which  are  ranked  by  various  botanists 
as  strongly-marked  races,  sub-spedes,  or  species.  That  true 
hybrids  raised  from  entirely  distmct  species,  thou^  they  lose  in 
fi^'lity,  often  gain  in  size  and  constitutional  vigour,  is  certain.  It 
would  be  sup^uous  to  quote  any  facts;  for  all  experimenters, 
Eblreuter,  Gartner,  Berliert,  Sa^eret,  Leooq,  and  Naudin,  have 
been  struck  with  the  wonderful  vigour,  height,  size,  tenacity  of  life, 
precocity,  and  hardiness  of  their  hvbrid  productions.  Gartner** 
sums  up  his  conviction  on  this  head  in  the  strongest  terms.  Eol- 
reuter**  gives  numerous  precise  measurements  of  the  weight  and 
height  of  his  hybrids  in  his  comparison  with  measurements  of  both 
parent-forms ;  and  speaks  with  astonishment  of  their  itutura  por- 
**  tentosa,"  their  "  ambiius  va$ii8$imu$  ae  aUitudo  valde  eontpicua," 
Some  exceptions  to  the  rule  in  the  case  of  very  sterile  hybrids  have, 
however,  been  noticed  by  Gartner  and  Herbert;  but  the  most 
striking  exceptions  are  given  by  Max  Wichura,**  who  found  that 
hybrid  willows  were  generally  tender  in  constitution,  dwarf,  and 
short-lived 

Kolrentcr  exi)lainB  tlie  vast  increase  in  the  size  of  the  roots, 
stems,  dec,  of  ms  hybrids,  as  the  result  of  a  sort  of  compensation 
due  to  their  sterility,  in  the  same  way  as  many  emasculated 
animals  are  larger  than  the  perfect  males.  This  view  seems  at  first 
sight  extremely  probable,  and  has  been  accepted  by  various  authors  ;*^ 
but  Gartner**  has  well  remarked  that  there  is  much  difficulty  in 
fully  admitting  it;  for  with  many  hybrids  there  is  no  parallelism 
between  the  degiee  of  their  sterility  and  their  increased  size  and 
vigour.  The  most  striking  instances  of  luxuriant  growth  have  been 
observed  with  hybrids  which  were  not  sterile  in  any  extreme 
degree.  In  the  genus  Mirabilis,  certain  hybrids  are  unusuallv 
fertile,  and  their  extraordinary  luxuriance  of  growth,  together  with 


»*  Quoted  in  *  Ball.  Bot.  Soo. 
France,'  vol  ii.,  1855,  p.  S27. 

**  Gkrtner,  *  Bestarderzeugnng,'  s. 
259,  518,  526  et  teq, 

^  *Fort8etzong/  1763,  s.  29; 
'  Dritte  Fortsetzong,'  s.  44,  96 ;  *  Act. 
Acad.  St  PeUrsburg,'  1782,  part  ii., 
p.  251;  «NoTa  AcU/  1793,  pp.  391, 
894;  'Nora  Acta,'  1795,  pp.  316, 
328. 


*•  <Die  Bastardbefrochtnng,'  &c., 
1865,  s.  31,  41,  42. 

•>  Max  Wichura  fully  accepts  this 
view  ('  Bastardbefruchtung,'  s.  43X 
as  does  the  Rer.  M.  J.  Berkeley,  in 
*  Journal  of  Hort  Soc.,'  Jan.  1866, 
p.  70. 

*■  <  Bastarderxengungi'  s.  394, 526^ 
(>28. 
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their  ODonnotuB  roots,**  have  been,  transmitted  to  their  progeny. 
The  result  in  all  cases  is  probably  in  part  due  to  the  saying  of 
nutrbnent  and  vital  force  through  the  sexual  organs  acting  imper- 
fectly or  not  at  all,  but  more  especially  to  the  general  law  of  good 
being  derived  from  a  cross.  For  it  deserves  especial  attention  that 
mongrel  animals  and  plants,  which  are  so  &r  from  being  sterile  that 
their  fertility  is  oft^  actually  augmented,  have,  as  previously 
shown,  their  size,  hardiness,  and  constitutional  vigour  generally 
increased.  It  is  not  a  little  remarkable  that  an  accession  of  vigour 
and  sisse  should  thus .  arise  under  the  opposite  contingencies  of 
increased  and  diminished  fertility. 

It  is  a  perfectly  well  ascertained  fact**  that  hybrids  invariably 
breed  with  either  pure  parent,  and  not  rarely  with  a  distinct  species, 
more  readily  than  with  one  another.  Herbert  is  inclined  to  explain 
even  tliis  f^t  by  the  advantage  derived  from  a  cross ;  but  Gartner 
more  justly  accounts  for  it  by  the  pollen  of  the  hybrid,  and 
probably  its  ovules,  being  in  some  degree  vitiated,  whereas  the 
pollen  and  ovules  of  both  pure  parents  and  of  any  third  species  are 
sound.  Nevertheless,  there  are  some  well-ascertained  and  re- 
markable facts,  which,  as  we  shall  presently  see,  show  that  a  cross 
by  itself  undoubtedly  tends  to  increase  or  re-establish  the  fertility 
of  hvbrida 

The  same  law,  namely,  that  the  crossed  oifspring  both  of  varieties 
and  species  are  larger  than  the  parent-forms,  holds  good  in  the 
most  striking  manner  with  hybrid  animals  as  well  as  with  mongrels. 
Mr.  Bartlett,  who  has  had  such  large  experience  says, "  Among  all 
"  hybrids  of  vertebrated  animals  there  is  a  marked  increase  of  size." 
He  then  enumerates  many  cases  with  mammals,  including  monkays, 
and  with  various  fiunilies  of  birds.** 

On  certain  Hermaphrodite  Plants  iohieh^  eitJier  normally  or  ahfior' 
mally^  require  to  he  fertilitied  hy  poUenfrom  a  distinct  individual 
,   or  speciei. 

The  facta  now  to  be  given  differ  from  Uie  foregoing,  as 
self-sterility  is  not  here  the  result  of  long-continued  close 
interbreeding.  These  faots  are,  however,  connected  with  our 
present  subject,  because  a  cross  with  a  distinct  individual  is 
shown  to  be  either  necessary  or  advantageous.  Dimorphic 
and  trimorphio  plants,  though  they  are  hermaphrodites,  must 
be  reciprocally  crossed,  one  set  of  forms  by  the  otlier,  in  order 
to  be  fully  fertile,  and  in  some  cases  to  be  fertile  in  any  degree. 

«  KblMuter,  *Nora  Acu,'   1795,      430. 
p.  316.  •*  Quoted  by  Dr.  Marie,  in  *  Proa 

**  Qartoer,  *  DAsUrderzeugnnf^,'  b.       Zoolog.  Soc.,'  1870,  p.  40. 
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Bat  I  fihotild  not  Have  notioed  these  plants,  bad  it  not  been 
for  tbe  following  cases  given  by  Dr.  Hildebrand  :•• — 

Primtdd  ainensiB  is  a  reciprocally  dimoiphio  species :  Dr.  Hilde- 
brand fertilised  twenty-eight  flowers  of  both  forms,  each  by  pollen  of 
the  other  form,  and  obtainod  the  full  number  of  capsules  containing 
on  an  avoraffe  42*7  seed  per  cajpsulo;  here  wo  hare  complete  and 
normal  fertility.  He  then  fertibsed  forty-two  flowers  of.  both  forms 
with  pollen  of  the  same  form,  but  taken  from  a  distinct  plant,  and 
all  produced  capsules  containing  on  an  ayerage  only  10-6  seed. 
Lastly,  and  here  we  come  to  our  more  immediate  point,  he  fertilised 
forty-eight  flowers  of  both  forms  with  pollen  of  the  same  form  and 
taken  from  the  same  flpwer,  and  now  he  obtained  only  thirty-two 
capsules,  and  these  contained  on  an  ayerage  18'6  seed,  or  one  less 
per  capsule  than  in  the  former  case.  So  that,  with  these  illegitimate 
unions,  the  act  of  impregnation  is  less  assured,  and  the  fertility 
slightly  less,  when  the  pollen  and  orules  belong  to  the  same  flower, 
than  when  belonging  to  two  distinct  indiyiduaJs  of  the  same  form. 
Dr.  Hildebrand  has  recently  made  analogous  experiments  qn  the 
long-styled  form  of  Oxctlit  rosea,  with  the  same  result.*^ 

It  has  recently  been  discovered  that  certain  plants,  whilst 
growing  in  their  native  country,  under  natural  oonditions, 
cannot  be  fertilised  with  pollen  from  the  same  plant.  They 
are  sometimes  so  utterly  solf-impotont,  that,  though  they  can 
readily  be  fertilised  by  the  pollen  of  a  distinct  spedes  or 
even  distinct  genus,  yet,  wonderful  as  is  the  fact,  they  never 
produce  a  single  seed  by  their  own  pollen.  In  some  cases, 
moreover,  the  plant's  own  pollen  and  stigma  mutually  act  on 
each  other  in  a  deleterious  manner.  Most  of  ^e  facts  to  be 
given  relate  toorohids,  but  I  will  oommenoe  with  a  plant 
belonging  to  a  widely  different  family. 

Sixty-three  flowers  of  CorydeUis  cava,  borne  on  distinct  plants^ 
were  fertilised  by  Dr.  Hildebrand**  with  pollen  from  other  plants  of 
the  same  species;  and  fifty-eight  capsules  were  obtained,  including 
on  an  average  4*5  seed  in  each.  He  then  fertilised  sixteen  flowers 
produced  by  the  same  raceme,  one  with  another,  but  obtained  only 
three  capsules,  one  of  which  alone  contained  any  good  seeds, 
namely,  two  in  ntunber. '  Lastly,  he  fertilised  twenty-seven  flowers, 
each  with  its  own  pollen;  he  left  also  fiftv-seven  flowers  to  be 
spontaneously  fertilised,  and  this  would  certomly  have  ensued  if  it 

M  f  BoUnische  Zeitung,'  Jan.  1864,      Berlin,  1866,  i.  872. 
i^  8.  ••  Internationftl     HorU    Congi««L 

^  *  MonaUlcricht  Akad.  Wissen.'      London,  1866, 


114  GOOD  FROM  0BOS8IMG.  Cuap.  XVII 

hod  been  possible,  for  the  anthers  not  only  toncb  the  stigma,  but 
the  pollen-tubes  were  teen  by  Dr.  Hildebrand  to  penetrate  it; 
nevertheless  these  eighty-four  flowers  did  not  proance  a  single 
i>eed-capsule  1  This  whole  case  is  highly  instructiye,  as  it  shows 
how  widely  different  tbe  action  of  the  same  pollen  is,  according  as 
it  is  placed  on  Ihe  stigma  of  the  same  flower,  or  on  that  of  another 
flower  on  the  same  raceme,  or  on  that  of  a  distinct  plant 

With  exotic  Orchids  seyeral  analogous  cases  have  been  obseryod, 
chiefly  by  Mr.  John  Scott**  OneiSium  tphaeelatum  has  efiectiye 
pollen,  for  Mr,  Scott  fertilised  two  distinct  species  with  it;  the 
oyules  are  likewise  capable  of  impregnation,  for  they  were  readily 
fertilised  by  the  pollen  of  0.  divaricatum ;  neyertheless,  between 
one  and  two  hunared  flowers  fertilised  by  tbeir  own  pollen  did  not 
produce  a  single  capsule,  though  the  stigmas  were  penetrated  by 
the  pollen-tubes.  Mr.  Bobertson  Munro,  of  the  Boyal  Botanic 
Gardens  of  Edinburgh,  also  informs  me  (1864)  that  a  hundred  and 
twenty  flowers  of  this  same  species  were  fertilised  by  him  with 
their  own  pollen,  and  did  not  produce  a  capsule,  but  eight  flowers, 
fertilised  by  the  pollen  of  0.  divaricatum^  produced  four  fine  cap- 
sules :  again,  between  two  and  three  hundred  flowers  of  0.  divan- 
catum,  fertilised  by  their  own  pollen,  did  not  set  a  capsule,  but 
twelye  flowers  fertilised  by  O.JUxuoBum  produced  eight  fine  cap- 
sules: so  that  hore  we  have  three  utterly  self-impotent  species,  with 
their  male  and  female  organs  perfect,  as  shown  by  their  mutual 
fertilisation.  Li  these  cases  fertilisation  was  effected  only  by  the 
aid  of  a  distinct  species.  But,  as  we  shall  presently  see,  distinct 
plants,  raised  from  seed,  of  Oncidium  flexuoium,  and  probably  of  the 
other  species,  would  have  been  perfectly  capable  of  fertilising  each 
other,  for  this  is  the  natural  process.  Again,  Mr.  Scott  found  that  the 
pollen  of  a  plant  of  0.  tnieroohilutn  was  efiectiye,  for  with  it  he  ferti- 
lised two  distinct  species;  he  found  its  oyules  good,  for  they  could 
be  fertilised  by  the  pollen  of  one  of  these  species,  and  by  the  pollen 
of  a  distinct  plant  of  0.  microohilutn ;  but  they  could  not  bo  ferti- 
lised by  pollen  of  tiie  same  plant,  though  the  pollen-tubes  penetrated 
the  stigma.  An  analogous  case  has  been  recorded  by  M.  Bivi^re,^ 
with  two  plants  of  0.  oavendishianum,  which  were  both  self-sterile, 
but  reciprocally  fertilised  each  other.  All  these  cases  refer  to  the 
genus  Oncidium,  but  Mr.  Scott  found  that  MaxiUaria  atro-rubens 
was  '*  totally  insusceptible  of  fertilisation  with  its  own  pollen,"  but 
fertilised,  and  was  fertilised  by,  a  widely  distinct  species,  yiz.  3f. 
iquahns. 

As  these  orchids  had  been  g^wn  under  unnatural  conditions  in 
hot-houses,  I  concluded  that  their  self-sterility  was  due  to  this 
cause.    But  Fritz  MUller  informs  me  that  at  Desterro,  in  Brazil,  ho 


••  *  Proo.  Bot  Soc.  of  Edinburgh,'  Linn.  Soc.,'  vol.  riii.  Bot,  1864,  p 

May,  ISBS:   these  obseryations  are  162. 

given  in  altetract,  and    othera    are  '*  Prof.  I^eooq, 'De  laF^condatlon, 

added,  in  the  *  Journal  of  Proo.  of  2nd  edit..  1862,  p.  7tf. 
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fertilised  aboTe  one  hundred  flowers  of  the  aboTe-mentioned  Onci 
dium  flexuosum,  which  is  there  endemic,  with  its  own  pollen,  and 
with  that  taken  from  distinct  plants :  all  the  former  were  sterile, 
whilst  those  fertilised  by  pollen  from  any  other  plant  of  the  same 
enpecies  were  fertile.  During  the  first  three  days  there  was  no 
difference  in  the  action  of  the  two  kinds  of  pollen :  that  placed  on 
stigma  of  the  same  plant  seiiarated  in  the  usual  manner  into  grains, 
and  emitted  tubes  which  penetrated  the  column,  and  the  stigmatic 
chamber  shut  itself;  but  only  those  flowers  which  had  been  fertilised 
by  pollen  taken  from  a  distinct  plant  produced  seed-capsules.  On 
a  subeeciuent  occasion  these  experiments  were  repeated  on  a  large 
scale  with  the  same  result.  Fritz  Miiller  found  that  four  other 
endemic  specios  of  Oncidium  were  in  like  manner  utterly  sterile 
with  their  own  pollen,  but  fertile  with  that  from  any  other  plant : 
some  of  them  likewise  produced  seed-capsules  when  impregnated 
with  pollen  of  widely  distinct  genera,  such  as  Gyrtopodium,  and 
Bodriguezia.  Onefdium  erispum,  however,  differs  from  the  fore- 
going species  in  varying  much  in  its  self-sterility;  some  plants 
producing  fine  pods  with  their  own  pollen,  others  failing  to  ao  so 
in  two  or  three  instances,  Fritz  Miiller  observed  that  the  pods  pro- 
duced by  pollen  taken  from  a  distinct  flower  on  the  muaie  plant,  were 
larger  than  those  produced  by  the  flower's  own  ]X)llcn.  In  tl/iidm' 
drum  cinnabarinum,  an  orchid  belonging  to  another  division  of  the 
family,  fine  pods  were  produced  by  the  plant's  own  pollen,  but  they 
contained  by  weight  only  about  half  as  much  seed  as  the  capsules 
which  had  been  fertilised  by  pollen  from  a  distinct  plant,  and  in 
one  instance  from  a  distinct  species ;  moreover,  a  very  large  propor- 
tion, and  in  some  cases  nearly  all  the  seeds  produced  by  Uie  plant's 
own  pollen,  were  destitute  of  an  embryo.  Some  self-fertilised 
capsules  of  a  Mazillaria  were  in  a  similar  state. 

Another  observation  made  by  Fritz  Muller  is  highly  remarkable, 
namely,  that  with  various  orcluds  the  plant's  own  pollen  not  only 
fails  to  impregnate  the  flower,  but  acts  on  the  stigma,  and  is  acted 
on,  in  an  injurious  or  poisonous  manner.  This  is  shown  by  the 
surface  of  the  stigma  in  contact  with  the  pollen,  and  by  the  pollen 
itself^  becoming  in  from  three  to  five  days  dark  brown,  ana  then 
decaying.  The  discoloration  and  decay  are  not  caused  by 
jMirasitio  cryptograms,  which  were  observed  by  IVitz  Miiller  in  only, 
a  single  instance.  These  changes  arc  well  shown  by  placing  on 
the  same  stigma,  at  the  same  time,  the  plant's  own  pollen  and 
that  from  a  distinct  plant  of  the  same  species,  or  of  another 
species,  or  even  of  another  and  widely  remote  genus.  Thus, 
on  the  stigma  of  Oncidium  /fexuoeum,  the  plant's  own  pollen  and 
that  from  a  distinct  plant  were  placed  side  by  side,  and  in  five  days' 
time  the  latter  was  perfectJy  fresh,  whilst  the  planVs  own  pollen 
was  brown.  On  the  other  hand,  when  the  pollen  of  a  distinct  plant 
of  the  Oncidium  flexuosum  and  of  the  £pidendrum  zebra  (nov, 
upec.  f)  were  placed  together  on  the  same  stigma,  they  behaved  in 
exactly  the  some  manner,  the  grains  separating,  emitting  tubosy 
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and  penetrating  the  stigma,  so  that  the  two  pollen-maaseB,  after  an 
iuteryal  of  eleven  days,  could  not  be  distinguished  except  by  tlie 
difference  of  their  candicles,  which,  of  coarse,  undergo  no  change. 
Fritz  Mtiller  has,  moreover,  made  a  large  number  of  crosses  between 
orchids  belonging  to  distinct  species  and  genera,  and  he  finds  that 
in  all  cases  when  the  flowers  are  not  fertilised  their  footstalks  first 
begin  to  wither;  and  the  withering  slowly  spreads  upwards  until 
the  germens  fall  off,  after  an  interval  of  one  or  two  weeks,  and  in 
one  instance  of  between  six  ond  seven  weeks ;  but  even  in  this  latter 
case,  and  in  most  other  cases,  the  pollen  and  stigma  remained  in 
appearance  fresh.  Occasionally,  however,  the  pollen  becomes 
brownish,  generally  on  tlie  external  surface,  and  not  in  contact  with 
the  stigma,  as  is  invariably  the  case  when  the  plant's  own  pollen  is 
applied. 

Fiitz  Mfiller  obser^'ed  the  poisonous  action  of  the  plant's  own 
pollen  in  the  above-mentioned  Uncidium  flexftotum,  U,  utticornf, 
pabea  (f),  and  in  two  other  unnamed  species.  Also  in  two  species  of 
Uodriguezia,  in  two  of  Notylia,  in  one  of  Burlingtonia,  and  of  a 
fonrth  genus  in  the  same  group.  In  all  these  cases,  except  tlie  last, 
it  was  proved  that  the  flowers  were,  as  might  have  been  expected, 
tortile  with  pollen  from  a  distinct  plant'  of  the  same  species. 
Numerous  flowers  of  one  species  of  Notylia  were  fertilisea  with 
]H)llen  from  the  same  raceme ;  in  two  days'  time  they  all  withered, 
ttio  gonnons  began  to  shrink,  iJio  pollon-massos  became  dark  brown, 
and  not  one  pollen-grain  emitted  a  tube.  So  that  in  this  orchid  the 
iiijarioas  action  of  the  plant's  own  pollen  is  more  rapid  than  with 
\htcidiumfltxuomm.  Eight  other  flowers  on  the  same  raceme  wei-e 
fertilised  with  pollen  from  a  distinct  plant  of  the  same  species :  two 
o .  thefte  were  aissected,  and  their  stigmas  were  found  to  be  pene- 
ti*ated  by  numberless  pollen-tubes;  and  the  gdhnens  of  the  other 
six  flowers  became  well  developed.  On  a  sulxwquent  occasion  many 
other  flowers  were  fertilised  with  their  own  pollen,  and  all  fell  oflf 
dead  in  a  few  days ;  whilst  some  flowers  on  the  same  raceme  which 
had  been  left  simply  unfertilised  adhered  and  long  remained  fresh. 
We  have  seen  that  in  cross-unions  between  extremely  distinct 
orchids  the  pollen  long  remains  undecayed  ;  but  Notylia  behaved 
in  this  respect  differently ;  for  when  its  pollen  was  placed  on  the 
stigma  of  Onddium  jiexttosum,  both  tlie  stigma  and  pollen  quickly 
liecame  dark  brown,  in  the  same  manner  as  if  the  plant's  own  pollen 
had  been  applied. 

Fritz  MiUler  sug^;e6ts  that,  as  in  all  these,  cases  the  plant's  own 
p-tllen  is  not  only  impotent  (thus  efl'ectually  preventing  self-fertilisa- 
tion), but  likewise  prevents,  as  was  ascertained  in  the  case  of  the 
Notylia  and  OticuUum  flexuosum,  the  action  of  subsequently  applied 
pollen  from  a  distinct  individual,  it  would  be  an  advantage  to  the 
plant  to  have  its  own  pollen  rendered  more  and  more  deleterious;, 
for  the  germens  would  thus  quickly  be  killed,  and  dropping  off, 
there  would  be  no  further  waste  in  nourisliing  a  part  whieh 
ultimately  could  be  of  no  avail 
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The  same  naturalist  fotmd  in  Brazil  thxee  plants  of  a  Bignonia 
growing  near  together.  He  fertilised  twenty-nuie  flowerets  on  one 
of  them  with  £eir  own  pollen,  and  fh^  did  not  set  a  single 
capsule.  Thirty  flowers  Were' then  fertilised  with  pollen  from  a 
distinct  plant,  one  of  the  three/ and  they  yielded  only  two  capsules. 
Lastly,  fiy^  flowers  were  fertilised  with  pollen  from  a  fourth 
plant  growing  at  a  distance,  and  all  fiye  |)rodaced  capsules. 
Fritz  Muller  thinks  that  the  thi^  plants  which  grew  near  one 
another  were  probably  seedlings  from  the  same  parent,  and  that 
from  being  closely  related,  they  acted  very  feebl;^  on  one  another. 
This  view  is  extremely  probable,  for  he  has  since  shown  in  a 
remarkable  paper,^^that  m  the  case  of  some  Brazilian  species  of 
Abutilon,  whicn  are  self-sterile,  and  between  which  he  raised  some 
complex  hybrids,  that  these,  if  near  relatives,  were  much  less  fertile 
inter  $e,  than  when  not  closely  related*       '  ' 

We  now  oomo  to  cases  blosoly  analogous  with  those  ju^t 
given,  but  different  in  so  far  that  only  certain  individuals 
of  the  e^ieoies  are  self-sterilo..  This  self-impotenoe  does  not 
depend  on  the  pollen  or  ovules  being  in  an  unfit  state  for 
fertilisation,  for  both  have  been  found  effective  in  union  with 
other  plants  of  the  same  or  of  a  distinct  species.  The  fact 
of  plants  having  acquired  so  peculiar  a  constitution,  that  they 
can  be  fertilised  more  readily  by  the  pollen  of  !a  distinct 
species  than  by  their  own,  is  exactly  the  reverse  of  what 
occurs  with  all  ordinary  spedes.  For  in  the  latter  the  two 
sexual  elements  of  the  same  individual  plant. are  of  course 
capable  of  freely  acting  on  each  other ;  but  are  so  constituted 
that  they  are  more  or  less  impotent  when  brought  into  union 
with  the  sexual,  elements  of  a  distinct  species,  and  produce 
more  or  less  sterile  hybrids. 

Gartner  experimented  on  two.  plants  of  LoMiaftdgmn,  brought 
from  separate  places,  and  found  ^  that  their  pollen  was  good,  for  he 
fertilised  with  it  L,  oardifuUi$  and  $yphiUtica ;  their  ovules  were 
likewise  good,  for  they  were  fertilised  by  the  -pollen  of  these  same 
two  species ;  but  these  two  plants  of  L,  /ulgms  could  not  be  fertilised 
by  their  own  poUen,  as  can  generally  be  effected  with  perfect  ease, 
with  this  species.  Again,  the  pollen  of  a  plant  of  Verbawum  nigrum 
Rrown  in  a  pot  was  found  bv  Gfirtner^  canable  of  fertiliedng  V. 

lychnitU  and  V.  awtriacum ;  Uie  ovules  coula  be  fertilised  by  the 

-  -      —  — 
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pollen  of  r.  thapnu ;  bat  the  flowers  ooald  not  be  fertilised  by  their 
own  pollen.  Kolreuter,  also/^  giyes  the  case  of  three  giuden  plants 
of  VeHxucwn  phcenteeum,  which  bore  during  two  years  many  flowers ; 
these  he  fertilised  snccessfolly  with  the  pollen  of  no  less  tiian 
four  distinct  species,  but  they  produced  not  a  seed  with  their  own 
apparently  good  pollen;  snbseqnently  these  same  plants,  and  others 
raised  firom  seed,  assumed  a  strangely  fluctuating  condition,  being 
temporarily  sterile  on  the  male  or  female  side,  or  on  botii  sides,  and 
sometimes  fertile  on  both  sides;  but  two  of  the  plants  were  perfectly 
fertile  throughout  the  summer. 

With  Reseda  odoraia  I  haTC  found  certain  individuals  quite  sterile 
with  their  own  pollen,  and  so  it  is  with  the  indigenous  JS^eda  lutea. 
The  solf-storilo  plants  of  both  species  were  perfectly  fertile  when 
croesod  with  pollen  from  any  other  individual  of  tlio  same  species. 
These  observations  will  hereafter  be  published  in  another  work,  in 
which  I  shall  also  show  that  seeds  sent  to  me  by  Fritz  MUller 
produced  by  plants  of  EKhseholtzia  ocdi/omica  which  were  quite 
self-sterile  in  Brazil,  yielded  in  this  country  plants  which  were  only 
slightly  self-sterile. 

It  appears^'  that  certain  flowers  on  certain  plants  of  LUium 
candidum  can  be  fertilised  more  freely  by  pollen  from  a  distinct 
individual  than  by  their  own.  So,  again,  with  the  varieties  of  the 
potato.  Tinzmann,^*  who  made  many  trials  with  this  plant,  says 
that  pollen  from  another  variety  sometimes  "exerts  a  powerful 
"  influence,  and  I  have  found  sorts  of  potatoes  which  would  not 
"  bear  seed  from  imprecation  with  the  pollen  of  their  own  flowers 
"  would  bear  it  when  impregnated  with  other  pollen.''  It  does 
not,  however,  appear  to  have  been  proved  that  the  pollen  which 
&iled  to  act  on  the  flower's  own  stigma  was  in  itself  good. 

In  the  genus  Passiflora  it  has  long  been  known  that  several 
species  do  not  produce  fruit,  unless  fertilised  by  pollen  taken  from 
distinct  species:  thus,  Mr.  Mowbray"  found  that  he  could  not  get 
fruit  from  P.  dlcUa  and  tnicemoBa  except  by  reciprocally  fertilising 
them  with  each  other's  pollen ;  and  similar  facts  have  been  observed 
in  Germiiny  and  France.^'  I  have  received  two  accounts  of  P. 
quadrangulari*  never  producing  fruit  from  its  own  pollen,  but 
doing  so  freely  when  fertilised  in  one  case  with  the  pollen  of  P. 
*  ccendea,  and  in  another  case  with  that  of  P.  edulis.    But  in  three 


*«  <Zw«it«  KortMtzting/  i.  10; 
*  DrItU  Forte.,'  s.  40.  Mr.  Scotfc  like- 
wiM  fertilUod  fifty-four  flowers  of 
Yerbatoum  jnAflmiosiim,  Incladlng  two 
varieties,  with  their  own  poUeo,  and 
not  a  single  capsule  was  produced. 
Many  of  the  pollen  -  grains  emitted 
their  tubes,  bu^  only  a  few  of  them 
penetrated  the  stigmas;  some  slight 
e^ect  however  was  produced,  as  many 
•f    the    ovaries    be<Mime    somewhat 
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other  oases  iliis  species  fruited  freely  when  fertilised  with  its  own 
pollen ;  and  the  writer  in  one  case  attributed  the  favourable  result 
to  the  temperature  of  the  house  haying  been  nused  from  6^  to  10^ 
Fahr.  above  the  former  temperature,  after  the  flowers  were  fertilised.^ 
With  respect  to  P.  lawr^fdia^  a  cultiTator  of  much  experience  has 
recently  remarked^  that  the  flowers  ''must  be  fertilised  with  the 
pollen  of  P.  axruiea,  or  of  some  othor  common  kind,  as  their  own 
pollen  will  not  fertilise  them.**  But  the  fullest  details  on  this 
subject  have  been  given  by  Messrs.  Scott  and  Bobertson  Munro  :*^ 

Slants  of  Pcusiflora  rxtcemoaa,  oamUa,  and  alata  flowered  profusely 
uring  many  years  in  the  Botanic  Gardens  of  Edinburgh,  and, 
tiiough  repeatedly  fertilised  with  their  own  poUen,  never  produced 
any  seed ;  yet  this  occurred  at  once  with  all  tnree  species  when  they 
were  crossed  together  in  various  ways.  In  the  case  of  P.  coBnUea 
three  plants,  two  of  which  grew  in  the  Botanic  Qardens,  were  all 
renderad  fertile,  merely  by  impregnating  each  with  pollen  of  one  of 
the  others.  1  he  same  result  was  attained  in  the  same  manner  with 
J*,  alata,  but  with  only  one  plant  out  of  three.  As  so  many  self- 
sterile  species  of  Fassiflora  have  been  mentioned,  it  should  be 
stated  that  the  flowers  of  the  annual  P.  graeilis  are  nearly  as  fertile 
with  their  own  pollen  as  with  that  from  a  distinct  plant;  thus 
sixteen  flowers  spontaneously  self-fertilised  produced  fruit,  each 
containing  on  an  average  21'3  seed,  wliilst  fruit  from  fourteen 
crowed  flowers  contained  24*1  seed. 

Betuming  to  P.  alcUa,  I  have  received  (1866)  some  interesting 
details  from  Mr.  Bobertson  Munro.  Three  plants,  including  one  in 
England,  have  already  been  mentioned  wnich  were  inveterately 
self-sterile,  and  Mr.  Munro  informs  me  of  several  others  which, 
after  repeated  trials  during  many  years,  have  been  found  in  tiie 
same  predicament  At  some  other  places,  however,  this  species 
fruits  roEMlily  when  fertilised  with  its  own  pollen.  At  Taymuutii 
Castie  there  is  a  plant  which  was  formerly  gnoted  by  Mr.  Donaldson 
on  a  distinct  species,  name  unknown,  and  ever  since  the  operation 
it  has  produced  fruit  in  abundance  1^  its  own  pollen;  so  that  tiiis 
small  and  unnatural  change  in  the  state  of  this  plant  has  restored 
its  self-fertilily  1  Some  of  the  seedliugs  from  the  Taymouth  OnsUe 
plant  were  found  to  be  not  only  sterile  with  their  own  pollen,  but 
with  each  other's  pollen,  and  with  the  pollen  of  distinct  species. 
Pollen  from  the  Taymouth  plant  failed  to  fertilise  certain  plants  of  the 
same  species,  but  was  successful  on  one  plant  in  the  Edinburgh 
Botanic  Gardens.  Seedlings  were  raised  from  this  latter  union,  and 
some  of  their  flowers  were  fertilised  by  Mr.  Munro  with  their  own 
pollen ;  but  they  were  found  to  be  as  self-impotent  as  the  mother- 
plaut  had  always  proved,  except  when  fertilised  by  the  grafted 


>•  *  Gard.  Chron./  18S8,  p.  1341.  rol.  tuL,  1864,  p.  1168.   Mr.  Robert- 

**  'Gmrdener's    Chron./   1866,  p.  loii  Munro^  id '  Trans.  Bot  So&'ol 

1068.  Edinburgh,  vol.  iz.  p.  809. 
**  *  Jonmal  of  Proc.  of  Linn.  Soc.,' 
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Taymouth  plant,  and  ezoept,  aa  we  shall  aee,  when  fertilised  by  het 
own  seedlings.  For  Mr.  Munro  fertilised  eighteen  flowers  on  the  self- 
impotent  mother-plant  with  pollen  fjrom  these  her  own  self-impotent 
seedlings,  Kod  obtained,  remarkable  as  the  ftbot  is,  eighteen  fine 
oapsoles  fall  of  excellent  seed  I  I  have  met  with  no  ease  in  regard 
to  plants  which  shows  so  well  as  this  of  K  alata,  on  what  small  and 

mysterions  causes  complete  fertility  or  complete  sterility  depends. 

.  ■     •  .      t  •       >  1  .         .1         >  '  ,  . 

»  V 

^.  The  facts,  hitherto  given  relate  to  thei  mnch-lessenod  or 
completely^  destroyed  fertility  of  pure  species  when  impreg- 
naited  with  their  own  pollen,  in  oompaiison  with  their 
fertility  when  impregnatod  by  distinct  individuals  or  distinct 
species ;  but  closely  analogous  facts  have  been  observed  with 
hybrids. 

'  Herbert  states"  that  having  in  flower  at  the  same  time  nine 
hybrid  Hippeastrums,  of  complicated  origin,  descended  from 
several  species,  he  found  that "  almost  every  flower  touch^  with 
"  pollen  from  another  cross  produced  seed  abundantly,  and  thow 
"  which  were  touched  with  their  own  ptollen  either  failed  entirely, 
"  or  formed  slowly  a  pod  of  inferior  size,  with  fewer  seeds,'*  In 
the  '  Ilorticultural  Journal '  he  adds  that  "  the  admission  of  the 
**  pollen  of  another  cross-bred  Hippeastrum  (however  complicated 
"  tiie  cross)  to  any  one  flower  or  the  number,  is  almost  sure  to 
"  check  the  fructification  of  the  others.'?  It  a  letter  written  to  me 
in  1889,  Dr.  Herbert  says  that  he  had  already  tried  these  ezperi- 
meuts  during  five  oonseoutive  years,  and  he  subsequently  repeated 
them,  with  the  same  invariable  result.  He  was  thus  led  to  make  an 
analogous  trial  on  a  pure  species,  namely,  on  the  Bijipmittrum  atUieum, 
which  he  had  latelv  imported  from  Brazil:  this  bulb  produced 
four  flowers,  three  of  which  were  fertilised  by  their  own  pollen,  and 
the  fourth  by  the  pollen  of  a  triple  cross  between  IT.  oulbulonum, 
regituB,  tkudviUcUum ;  the  result  was,  that "  the  ovaries  of  the  three 
"  first  flowers  soon  ceased  to  grow,  and  after  a  few  days  perished 
''entirely:  whereas  the  pod  impregnated  by  the  hybrid  made 
vigorous  and  rapid  progress  to  maturity,  and  bore  good  seed, 
which  vegetated  freely."  This  is.  indeed,  as  Herbert  remarks, 
a  strange  truth,"  but  not  so  strange  as  it  then  appeared. 
As  a  confirmation  of  these  statements,  I  may  add  that  Mr.  M 
Mayes,**  after  much  experience  in  crossing  the  species  of  Amaryllis 
(Hippeastrum),  says,  "  neither  llio  species  nor  the  hybrids  will,  we 
*'  are  well  aware,  proHnoe  peerl  so  abundantly  from  their  own 
"  pollen  as  from  tl.at  of  others."    So,  again,  Mr.  Bidwell,  in  New 


*9  'Araaryllidaoea,*  ISST,  p.^S71 ;  **  London's  <  Gmrdener*!  Magasioe, 

'  Joamal  of  Hort  JSoc.,*  rol.  ii.,  1847,      rol.  zi.,  1835,  p.  260. 
p.  19. 
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South  Walos,*^  aesertB  that  AmaryUU  belladonna  bears  many  more 
seeds  when  fertilised  by  the  pollen  of  Brunstviffia  {Ama/tyUu  of  some 
authors)  joBiphina  or  of  B.  mtUtiflora,  than  when  fertilised  by  its 
own  pollen.  Mr.  Beaton  dusted  four  flowers  6f  a  Qyrtanthus  with 
their  own  pollen,  and  four  with  the  pollen  of  VaUoia  {Amarylh'$) 
purpurta ;  on  the  seyenth  day  "  those  which  recdyed  their  own 
*'  pollen  slackened  their  growth,  and  ultimately  perished ;  those 
"  which  were  crossed  with  we  Yallota  held  on."  ■"  These  latter  clwes, 
however,  relate  to  uncrossed  species,  like  those  before  giyen  with 
respect  to  Fassiflora,  OrchidEr,  Ac,  and  are  here  referred  to  only 
because  the  plants  belong  to  the  same  group  of  Amaryllidaoea. 

In  the  experiments  on  the  hybrid  Hippeastrums,  if  Herbert  had 
found  that  the  pollen  of  two  or  three  kinds  alone  had  been  more 
efficient  on  certain  kinds  than  their  own  pollen,  it  might  have  been 
argued  that  these,  from  their  mixed  parentage,  had  a  closer  mutual 
affinity  than  the  others ;  but  this  explanation  is  inadmissible,  for 
the  trials  were  made  reciprocally  backwards  and  forwards  on  nine 
different  hybrids;  uid  a  cross, whicbeyer  way  taken, always  proved 
highly  beneficial.  I  can  add  a  striking  and  analogous  case  from 
experiments  made  by  the  Bey.  A.  Bawson,  of  Bromley  Common, 
with  some  complex  hybrids  of  Gladiolus.  This  skilful  horticul- 
turist possessed  a  number  of  French  yarieties,  differing  from  each 
other  only  in  the  colour  and  size  of  the  flowers,  all  descended  from 
GandayensiB,  a  weU-known  old  hybrid,  said  to  be  descended  from 
O.  nakdentu  by  the  pollen  of  O.  <n)p<mtifloruB,^  Mr.  Bawson.  after 
repeated  trials,  found  that  none  of  th^  yarieties  would  set  seed  with 
their  own  pollen,  although  taken  irom  distinct  plants  of  the  same 
variety  (which  had,  of  course,  been  propagated  by  bulbs),  but  that 
they  all  seeded  freely  with  pollen  from  any  other  variety.  To  give 
two  examples :  Ophrr  did  not  produce  a  capsule  with  its  own  pollen, 
but  when  fertilised  witJl  Uiat  of  Janire,  BrenchleyensiB,  Yulcain 
and  Linn6,  it  produced  ten  fine  capsules;  but  the  pollen  of  Ophir 
was  good,  for  when  Linn^  was  fertilised  by  it  seven  capsules  were 
produced.  '  This  latter  variety,  on  the  other  hand,  was  utterly 
barren  with  its  own  pollen>  which  we  have  seen  was  perfectly 
efficient  on  Ophir.  iLltogetiier,  Mr.  Bawson,  in  the  year  1861, 
fertilised  twenty-six  flowers  borne  by  four  yarieties  with  pollen 
taken  from  other  yarieties,  and  every  single  flower  produced  a  fine 
seed-capsule ;  whereas  fifty-two  flowers  on  the  same  plants,  fertilised 
at  the  same  time  with  their  own  pollen,  did  not  yield  a  single  seed- 
capsule.    Mr.  Bawson  fertilised,  in  some  cases,  the  alternate  flowers, 

**  '  Qard«ner*i  Chronicle,*  1850,  p.  Hort.,'  1861,  p.  453.    Leooq,  however 

470.  (<  De  U  F^oond.,'  1862,  p.  869),  stotce 

**  '  Journal  Hort.  Soc,'  rjol.  r,  p.  that  this  hybrid  it  descended  from 

1«35.    The  seedlings  thus  raised  were  0.  psiHaoinut  tMd  ooardinalii;  bntthis 

given  to  the  Hort.  Soc. ;  bat  I  find,  on  is  opposed   to  Herbert's    experience, 

inquiry,  that  they  unfortunately  died  who  found  that  the  former  species 

the  following  winter.  could  not  be  crossed. 

**  Mr.  D.  Beaton,   in  'Journal  of 
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And  in  other  cases  all  those  down  one  side  of  the  spike,  with  pollen 
of  other  Tarieties,  and  the  remaining  flowers  with  their  own  pollen. 
I  saw  these  plants  when  the  capsules  were  nearly  mature,  and 
their  cnrious  arrangement  at  ODoe  brought  fall  conviction  to  the 
mind  that  an  immense  adyantage  had  been  derived  from  crossing 
these  hybrids. 

Lastly,  I  have  heard  from  Dr.  E.  Bomet,  of  Antibes,  who  has 
made  numerous  experiments  in  crossing  the  species  of  Gistus,  but 
has  not  vet  published  the  results,  that,  when  any  of  these  hybrids 
are  fertile,  they  may  be  said  to  be,  in  regard  to  function,  dioecious; 
"  for  the  flowers  are  always  sterile  when  the  pistil  is  fertilised  by 
'*  pollen  taken  from  the  same  flower  or  from  flowers  on  the  same 
"  plant.  But  they  are  often  fertile  if  jx)llen  be  employed  from  a 
"  distinct  individual  of  the  same  hybrid  nature,  or  from  a  hybrid 
"  made  by  a  reciprocal  cross.*' 


ft 


ConduMum. — That  plants  should  be  self^terile,  although 
both  sexual  elements  are  in  a  fit  state  for  reproduction,  appears 
at  first  sight  opposed  to  all  analogy.  With  respect  to  the 
species,  all  the  individuals  of  which  are  in  this  state,  although 
living  under  their  natural  conditions,  we  may  conclude  that 
their  self-sterility  has  been  acquired  for  the  sake  of  effectually 
preventing  self-fertilisation.  The  case  is  dosely  analogous 
with  that  of  dimorphic  and  trimorphic  or' heterostyled  plants, 
which  can  be  fully  fertilised  only  by  plants  belonging  to  a 
different  form,  and  not,  as  in  the  foregoing  oases,  indifferently 
by  any  other  individual  of  the  species.  Some  of  these  hetero- 
styled plants  are  oompletely  sterile  with  pollen  taken  from 
the  same  plant  or  fi'om  the  same  form.  With  respect  to 
species  living  under  their  natural  oonditions,  of  which  only 
certain  individuals  are  self-sterile  (as  with  JReseda  liUea),  it 
is  probable  that  these  have  been  rendered  self-sterile  to  ensure 
occasional  oross-fertilisation,  whilst  other  individuals  have 
remained  self-fertile  to  ensure  the  propagation  of  the  species. 
The  case  seems  to  be  parallel  with  that  of  plants  which 
produce,  as  Hermann  Mf&Uer  has  discovered,  two  forms 
— one  bearing  more  conspicuous  flowers  with  their  structure 
adapt.ed  for  cross-fei*tilisation  by  insects,  and  the  other  form 
with  less  conspicuous  flowers  adapted  for  self-fertilisation. 
The  self-sterility,  however,  of  some  of  the  foregoing  plants 
is  incidental  on  the  conditions  to  which  they  have  been 
Hubjected,  as  with  the  Eschsoholtzia,   the    Verhaamm  phm 
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niceum  (the  sterility  of  which  yaried  aooording  to  the  season), 
and  with  the  Pamfiora  akUa^  whioh  recovered  its  self-fertility 
when  gpraffced  on  a  different  stock.  - 

It  is  interesting  to  observe  in  the  above  several  cases  the 
graduated  series  from  plants  which,  when  fertilised  by  their 
own  pollen,  yield  the  full  number  of  seeds,  but  with  the 
seedlings  a  little  dwarfed  in  stature — to  plants  which  when 
self-fertilised  yield  few  seeds — to  those  which  yield  none, 
but  have  their  ovaria  somewhat  developed — and,  lastly,  to 
those  in  which  the  plant's  own  pollen  and  stigma  mutually 
act  on  one  another  like  poison.  It  is  also  interesting  to 
observe  on  how  slight  a  difference  in  the  nature  of  the  pollen 
or  of  the  ovules  complete  self-sterility  or  complete  self-fertility 
muHt  depend  in  some  of  the  above  cases.  Every  individual 
of  the  self-sterile  species  appears  to  be  capable  of  producing 
the  full  complement  of  seed  when  fertilised  by  the  pollen  of 
any  other  individual  (though  judging  from  the  facts  given 
with  respect  to  Abutilon  the  nearest  kin  must  be  excepted) ; 
but  not  one  individual  can  be  fertilised  by  its  own  pollen. 
As  every  organism  differs  in  some  slight  degree  from  every 
other  individual  of  the  same  species,  so  no  doubt  it  is  with 
their  pollen  and  ovules ;  and  in  the  above  cases  we  must 
believe  that  complete  self-sterility  and  complete  self-fertility 
depend  on  such  slight  differences  in  the  ovules  and  pollen,  and 
not  their  having  been  differentiated  in  some  special  manner 
in  relation  to  one  another ;  for  it  is  impossible  that  the  sexual 
elements  of  many  thousand  individuals  should  have  been 
specialised  in  relation  to  every  other  individuaU  In  some,  how- 
ever, of  the  above  oases,  as  with  certain  Fassifloras^  an  amount 
of  differentiation  between  the  pollen  and  ovules  sufficient 
for  fertilisation  is  gained  only  by  employing  pollen  from  a 
distinct  species ;  but  thiis  is  probably  the  result  of  such  plants 
having  been  rendered  somewhat  sterile  from  the  unnatural 
conditions  to  which  they  have  been  exposed. 

Exotic  animals  confined  in  menageries  are  sometimes  in 
nearly  the  same  state  as  the  above-described  self-impotent 
plants ;  for,  as  we  shall  see  in  the  following  chapter,  certain 
monkeys,  the  larger  camivoi^,  several  finches,  geese,  and 
pheasants,  cross  together,  quite  as  freely  as,  or  even  more 
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^-eely  than  the  individaals  of  the  same  speciee  breed  together. 
Gases  will,  also,  be  giyen  of  sexual  inoompatibility  between 
oertain  male  and  female  domesticated  animals,  which,  neyer- 
tiieless,  are  fertile  when  matched  vrith  any  otiier  individual 
of  the  same  kind.'  ^  •  "    - i.      .  .   .    '..,...... 

In  the  early  part  of  this  chapter  it  was  shown  that  the 
crossing  of  individuals  belonging  to  distinct  families  of  the 
same  race,  or  to  different  races  or  species,  gives  increased  size 
and  constitutional  vigour  to  the  ofbpring,  and,  except  in  the 
case  of  crossed  species^  increased  fertility.  The  evidence 
rests  on  the  universal  testimony  of  breeders  (for  it  should  be 
observed  that  I  am  not  here  ispeaking  of  the  evil  results  of 
close  interbreeding),  and  is  practically  exemplified  in  the 
higher  value  of  cross-bred-  animals  for  immediate  consump- 
tion. The  good  results  of  crossing  have  also  been  demon- 
strated with  some  animals  and  with  numerous  plants,  by 
actual  weight  and  measurement..  Although  animals  of  pure 
blood  will  obviously  be  deteriorated  by  crossing,  as  far  as 
their  characteristic  qualities  are  concerned,  there  seems  to  be 
no  exception  to  the  rule  that  advantages  of  the  kind  just 
mentioned  are  thus  gained,  even  when  there  has  not  been  any 
previous  close  interbreeding;  and  the  rule  applies  to  such 
animals  as  cattle  and  sheep,  which  can  long  resist  breeding 
in-and-in  between  the  nearest  blood-relations. 

In  the  case  of  crossed  species,  although  size,  vigour,  pre- 
cocity, and  hardiness  are,. with  rare  exceptions,  gained,  fer- 
tility, in  a  greater  or  less  degree,  is  lost ;  but  the  gain  in  the 
above  respects  can  hardly  be  attributed  to  the  principle  of 
compensation ;  for  there  is  no  close  parallelism  between  tho 
increased  size  and  vigour  of  hybrid  offspring  and  their 
sterility.  Moreover,  it  has  been  clearly  proved  that  mongrels 
which  are  perfectly  fertile  gain  these  same  advantages  as  well 
as  sterile  hybrids. 

With  the  higher  animals  no  special  adaptations  for  ensuring 
occasional  crosses  between  distinct  families  feem  to  exist. 
The  eagerness  of  the  males,  leading  to  severe  competition 
between  them,  is  sufficient ;  for  even  with  gregarious  animals, 
the  old  and  dominant  males  will  be  dispossessed  after  a  time 
and  it  would  be  a  mere  chance  if  a  closely  related  member 
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of  the  same  family  were  to  be  the  victoriouB  suooessor.  The 
structure  of  many  of  the  lower  animals,  when  they  are 
hermaphrodites,  is  such  as  to  prevent  the  ovules  being  fer- 
tilised by  the  male  element  of  the  same  individual ;  so  thai 
the  concourse  of  two  individuals  is  necessary.  In  other  cases 
tho  access  of  tho  male  element  of  a  distinct  individual  is 
at  least  possible.  With  plants,  which  are  affixed  to  the 
ground  and  cannot  wander  from  place  to  place  like  animals, 
the  numerous  adaptations  for  cross-fertilisation  are  wonder- 
fully perfect,  as  has  been  admitted  by  every  one  who  has 
Htudied  the  subject. 

The  evil  consequences  of  long-continued  dose  interbreeding 
are  not  so  easily  recognised  as  the  good  eOects  from  crossing, 
for  the  deterioration  is  gradual.  Nevertheless,  it  is  the 
general  opinion  of  those  who  have  had  most  experience, 
especially  with  animals  which  propagate  quickly,  that  evil 
does  inevitably  follow  sooner  or  later,  but  at  different  rates 
with  different  animals.  No  doubt  a  false  belief  may,  like  a 
superstition,  prevail  widely  r  yet  it  i«j  difficult  1o  suppose  that 
flo  many  acute  observers  have  all  been  deceived  at  the  expense 
of  much  cost  and  tTouble.  A  male  animal  may  sometimes  be 
paired  with  his  daughter,  granddaughter,  and  so  on,  even  for 
seven  generations,  without  any  manifest  bad  result :  but  the 
experiment  has  never  been  tried  of  matching  brothers  and 
sisters,  which  is  considered  the  closest  form  of  interbreeding, 
for  an  equal  number  of  generations.  There  is  good  reason  to 
believe  that  by  keeping  the  members  of  the  same  family  in 
didtinct  bodies,  especially  if  exposed  to  somewhat  different 
conditions  of  life,  and  by  occasionally  crossing  those  families, 
the  evil  results  of  interbreeding  may  be  much  diminished  or 
quite  eliminated.  Theise  results  are  loss  of  constitutional 
vigour,  size,  and  fertility;  but  there  is  no  necessary  dete- 
rioration in  the  general  form  of  the  body,  or  in  other  good 
qualities.  We  have  seen  that  with  pigs  first-rate  animals 
have  been  produced  after  long-continued  done  interbreeding, 
though  they  had  become  extremely  infertile  when  paired 
with  their  near  relations.  The  loss  of  fertility,  when  it 
occurs,  ^eems  never  to  be  absolute,  but  only  relative  to 
animals  of  the  same  blood  ;  so  that  this  sterility  is  to  a  certain 
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extent  analogous  with  that  of  self-impotent  plants  which 
cannot  be  fertilised  by  their  own  pollen,  but  are  perfectly 
fertile  with  pollen  of  any  other  indiyidoal  of  the  same  species. 
ThB  fact  of  infertility  of  this  peculiar  nature  being  one  of  the 
lesults  of  long-continued  interbreeding,  shows  that  inter- 
breeding does  not  act  merely  by  combining  and  augmenting 
various  morbid  tendencies  common  to  both  parents;  for 
animals  with  such  tendencies,  if  not  at  the  time  actually  ill, 
can  generally  propagate  their  kind.  Although  offspring 
descended  from  the  nearest  blood-relations  are  not  necessarily 
deteriorated  in  structure,  yet  some  authors  believe  that  they 
are  eminently  liable  to  malformations ;  and  this  is  not  im- 
probable, as  everything  which  lessens  the  vital  powers  acts 
in  this  manner.  Instances  of  this  kind  have  been  recorded 
in  the  case  of  pigs,  bloodhounds,  and  some  other  animals. 

Finally,  when  we  consider  the  various  facts  now  given 
which  plainly  show  that  good  follows  from  crossing,  and  less 
plainly  that  evil  follows  from  close  interbreeding,  and  when 
we  bear  in  mind  that  with  very  many  organisms  elaborate 
provisions  have  been  made  for  the  occasional  union  of  distinct 
individuals,  the  existence  of  a  great  law  of  nature  is  almost 
proved;  namely,  that  the  crossing  of  animals  and  plants 
which  are  not  closely  related  to  each  other  is  highly  beneficial 
or  even  necessary,  and  that  interbreeding  prolonged  during 
many  generations  is  injurious. 
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CHAPTER  XVnL 

ON    TH8    ADVANTAQICS     AND    maADyANTAGEB    OF    QHANOKD 
CONDITIONS  OF  LIFX :   STERILITY  FROM  VARIOUS  CAUSES. 

ON  THB  GOOD  DEBITED  FROM  SLIGHT  OHANOEB  IN  THE  O0NDITION8  OV  LIFE 
—STERILITY  FROM  CHANGED  CONDITIONS,  IN  ANIMALS,  IN  TUEIB  NATIVE 
OOCNTBT  AND  IN  MENAGERIES — ^MAMMALB,  BIRDS,  AMD  INSECTS — ^LOSS  Or 
8EC0NDAET  SEXUAL  0HABAOTBR8  AND  OF  1N8TIKCIB— CAUSES  OF  8TBBIL1TT 
— 8TEBIL1TT  OF  DOMESTICATED  ANIMALS  FROM  CHANGED  CONDITIONS — 
SEXUAL  INCOMPATIBILITT  Of  INDIVIDUAL  AKIMAL8— STEBILITT  OF  PLANTS 
FROM  CHANGED  CONDITIONS  OF  UFE — C0NTABB8CENCE  OP  THE  ANTHEItS 
— MON8TB0S1TIBS  AS  A  CAUSE  OP  STERIUTY— DOUBLE  FLOWERS— SEEDLESS 
FBUIT— fiTERIUTY  FROM  THE  EXCE8SIYB  DETELOPMENT  OF  THE  OBOANS 
OP  VEGETATION— FROM  LONG-CONTINUED  FBOPAGATION  BY  BUDS — IN- 
CIPIENT  STERILITY  THE  PBIMABY  CAUSE  OP  DOUBLE  FLOWEBS  AND 
SEEDLimS  FRUIT. 

On  the  Good  derived  from  eliglU  Changes  in  the  Conditions  of 
Life,  —In  considering  whether  any  facts  were  known  whicdi 
might  throw  light  on  the  conclusion  arrived  at  in  the  last 
chapter,  namely,  that  benefits  ensue  from  oroemng,  and  that 
it  is  a  law  of  nature  that  all  organic  beings  should  occasionally 
cross,  it  appeared  to  me  probable  that  the  good  derived  from 
slight  changes  in  the  conditions  of  life,  from  being  an  analo 
gous  phenomenon,  might  serve  this  purpose.  Iv'o  two  indi- 
viduals, and  still  less  no  two  varieties,  are  absolutely  alike 
in  constitution  and  structure ;  and  when  the  germ  of  one  is 
fertilised  by  tlio  male  clement  of  another,  wo  may  believe  that 
it  is  acted  on  in  a  somewhat  similar  manner  as  an  individual 
when  exposed  to  slightly  changed  conditions.  Now,  every 
one  must  have  observed  the  remarkable  influence  on  conva- 
lescents of  a  change  of  residence,  and  no  medical  man  doubts 
the  truth  of  this  fact.  Small  farmers  who  hold  but  little 
land  are  convinced  that  their  cattle  derive  great  benefit  from 
a  change  of  pasture.  In  the  case  of  plants,  the  evidence  is 
strong  that  a  great  advantage  is  derived  from  exchanging 
seeds,  tubers,  bulbs,  and  cuttings  from  one  soil  or  place  to 
another  as  different  as  possible. 
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The  belief  that  plants  are  thus  benefited,  whether  or  not  well 
founded,  has  been  firmly  maintained  from  the  time  of  Oolumella, 
who  wrote  shortly  after  the  Christian  era,  to  the  present  day ;  and 
it  now  prevails  in  England,  Fi-onco,  and  Qermany.'  A  sagaoioos 
obserrer,  Bradley,  writing  in  1724,'  says,  "  When  we  once  become 
"  Masters  of  a  good  Sort  of  Seed,  we  should  at  least  put  it  into 
"  Two  or  Three  Hands,  where  the  Soils  and  Situations  are  as  dif- 
"  ferent  as  possible ;  and  every  Year  the  Parties  should  change 
"  with  one  another;  by  which  Means,  I  find  the  Gkx>dness  of  the 
*"  Seed  will  bo  maintained  for  several  Tears.  For  Want  of  this 
"  Use  many  Farmers  have  foiled  in  their  Crops  and  been  great 
"  Losers.*'  He  then  gives  his  own  practical  experience  on  this 
head.  A  modem  writer'  asserts,  "  Nothing  can  be  more  clearly 
"  established  in  agriculture  than  that  the  continual  growth  of  any 
"  one  variety  in  the  same  district  makes  it  liable  to  deterioration 
"either  in  quality  or  quantity."  Another  writer  states  that  he 
sowed  dose  together  in  the  same  field  two  lots  of  wheat-seed,  the 
product  of  the  same  original  stock,  one  of  which  had  been  grown 
on  the  same  land  and  the  other  at  a  distance,  and  the  difference  in 
favour  of  the  crop  from  the  latter  seed  was  remarkable..  A  gentle- 
man in  Surrey  who  has  long  made  it  his  business  to  raise  wheat  to 
sell  for  seed,  and  who  has  constantly  realised  in  the  market  higher 
prices  than  others,  assures  me  that  he  finds  it  indispensable  con- 
tinually to  change  his  seed :  and  that  for  this  purpose  ne  keeps  two 
farms  differing  much  in  soil  and  elevation. 

With  respect  to  the  tubers  of  the  j^tato,  I  find  that  at  the  present 
day  the  practice  of  exchanging  sets  is  almost  everywhere  followed. 
The  great  growers  of  potatoes  in  Lancashire  formerly  used  to  get 
tubers  from  Scotland,  but  they  found  that  "  a  change  from  the 
moss-lands,  and  vioe  vend,  was  generally  sufficient  In  former 
times  in  iStince  the  crop  of  potatoes  in  the  Vosges  had  become 
reduced  in  tlie  course  of  fifty  or  sixty  years  in  tiie  proportion  from 
120-160  to  80-40  bushels;  and  the  fiimou9  Oberlin  attributed  the 
surprising  good  which  he  effected  in  large  port  to  changing  the  setn.^ 

A  well-known  practical  gardener,  Mr.  Bobson/  positively  states 


*  For  EngUnd,  aae  below.  Por 
Oennany,  Mtf  Metzger,  *  Getreideiirton,' 
1841,  K.  63.  For  Franca,  Loifieleur- 
Deslongchamps  ('Oonsid^  tur  lei 
Ccr^ftles,*  1843,  p.  200)  gives  na- 
nierous  references  on  this  subject.  For 
Sonthem  France,  jim  Qodron,  *  Florula 
Juveoalis,'  1854,  p.  28. 

'  <A  General  Treatise  of  Hus- 
bandry,' vol;  iii.  p.  58. 

*  *  Gardener's  Chronicle  and  Agri- 
cult  Gazette,'  1858,  p.  247  ;  and  for 
the  second  statement.  Ibid.,  1850,  p. 
703.    On  this  same  subject,  aoe  alM 


Rer.  D.  Walker's  <  Prize  Essay  of 
Highland  AgriAult  See.,'  vol.  ii.  p. 
200.  Also  MursbaU's  <  Minutes  of 
Agriculture,'  NoTeiDhcr,  1775.     • 

*  Oberlin's  '  >Aemo«T3,'  £ng.  trans* 
lat.,  p.  73.  For  lancashire,  aes 
Marshall's  <  Revii^w  of  Reports,'  1808, 
p.  295. 

»  «Cottnge  Gardener,'  UM,  p.  186. 
For  Mr.  Robson's  subrtequent  state- 
ments, ue  *  Journal  of  Uoiticulturc, 
Feb.   18,   1866,   p.    121.      For    Mr 
Abbey's    remarks  on   gracing,   &c 
Ibid.,  July  18,  1865,  p.  44. 
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that  he  has  himself  witnessed  deoided  advantage  from  obtaining 
bulbs  of  the  onion,  tubers  of  the  potato,  and  yarious  seeds,  all  ot 
the  same  kind,  from  different  soils  and  distant  parts  of  England. 
He  further  states  that  with  plants  propmted  by  cuttings,  as  with 
the  Pelargonium,  and  especially  the  Dahlia,  manifest  advantage  is 
derived  from  getting  plants  of  the  same  variety,  which  have  been 
cultivated  in  another  place;  or, "whero  the  extent  of  the  place 
"  allows,  to  take  cuttings  from  one  description  of  soil  to  plant  on 
"  another,  so  as  to  affora  the  change  that  seems  so  necessary  to  the 
"  well-being  of  the  plants."  Hq  maintains  that  after  a  time  on 
exchange  of  this  nature  is  "forced  on  the  c^wer,  whether  ho  be 
"  prepiured  for  it  or  not"  Similar  remarks  have  been  made  by 
another  excellent  gardener,  Mr.  Fish,  namely,  that  cuttings  of  the 
same  variety  of  Calceolaria,  which  he  obtained  from  a  neighbour, 
"  showed  much  greater  vigour  than  some  of  his  own  that  were 
"  treated  in  exactly  the  same  manner/'  and  he  attributed  this 
solely  to  his  own  plants  having  become  "  to  a  certain  extent  worn 
"  out  or  tired  of  tbeir  quarters."  Something  of  this  kind  appar- 
ently occurs  in  grafting  and  budding  fruit-trees;  for,  according  to 
Mr.  Abbey,  grafts  or  buds  generally  take  with  greater  facility  on 
a  distinct  variety  or  even  species,  or  on  a  stock  previously  grafted, 
than  on  stocks  raised  from  seeds  of  the  variety  which  is  to  be 
grafted ;  and  he  believes  this  cannot  be  altogether  explained  by 
the  stocks  in  question  being  better  adapted  to  the  soil  and  climate 
of  the  place.  It  should,  however,  be  added,  that  varieties  grafted 
or  budded  on  very  distinct  kinds,  though  they  may  take  more 
readily  and  grow  at  first  more  vigorously  than  when  grafted  on 
closely  allied  stocks,  afterwards  often  become  unhealthy. 

I  have  studied  M.  Tessier*s  careful  and  elaborate  experiments/ 
made  to  disprove  the  common  belief  that  good  is  derived  from  a 
change  of  eood, ;  and  he  certainly  shows  that  the  same  seed  may 
with  care  be  cultivated  on  the  same  farm  (it  is  not  stated  whether 
on  exactly  tilie  same  soil)  for  ten  consecutive  years  without  loss. 
Another  excellent  observer.  Colonel  Le  Ck>uteur,^  has  come  to  the 
same  conclusion ;  but  tiien  he  expressly  adds,  if  the  same  seed  be 
used,  '*  that  which  is  grown  on  land  manured  from  tlio  mixen  one 
"  year  l)ocomoR  seed  for  land  projmrod  with  lime,  and  that  again 
"  becomes  seed  for  land  dressed  with  ashes,  then  for  land  dreraod 
"  with  mixed  manure,  and  so  on."  But  this  in  effect  is  a  systematic 
exchange  of  seed,  within  the  limits  of  the  same  fiurm. 

On  the  whole  the  belief,  which  has  long  been  held  by  many 
cultivators,  that  gjood  follows  from  exchanging  seed,  tubera, 
&c.,  seems  to  be  fairly  well  founded.  It  seems  hardly  credible 
that  the  advantage  thus  derived  can  be  due  to  the  seeds, 
especially  if  very  small  ones,  obtaining  in  one  soil  some 

•  <Mem.  de  I'Aciul.  dM  Sciraoes,'  '  'On  the  VarietiM  of  Wheat,'  p 

1790,  p.  209.  53. 
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ohemical  element  deficient  in  the  other  and .  in  sufficient 
^quantity  to  influence  the  whole  after-growth  of  the  plant. 
Ab  plants  after  once  germinating  are  fixed  to  the  same  spot, 
it  might  have  been  anticipated  that  they  would  show  the 
good  effects  of  a  change  more  plainly  than  do  animals  which 
continually  wander  about ;  and  this  apparently  is  ihe  case. 
Life  depending  on,  or  consisting  in,  an  incessant  play  of  the 
most  complex  forces,  it  would  appear  that  their  action  is 
in  some  way  stimulated  by  slight  changes  in  the  circum- 
stances to  which  each  czganism  is  exposed.  All  forces  through- 
out nature,  as  Mr.  Herbert  Spencer*  remarks,  tend  towards 
an  equilibrium,  and  for  the  life  of  each  organism  it  is  neces- 
sary that  this  tendency  should  be  checked.  These  views  and 
the  foregoing  facts  probably  throw  light,  on  the  one  hand, 
on  the  good  effects  of  crossing  the  breed,  for  the  germ  will 
be  thus  slightly  modified  or  acted  on  by  new  forces ;  and 
on  the  other  hand,  on  the  evil  effects  of  dose  interbreeding 
prolonged  during  many  generations,  during  which  the  germ 
will  be  acted  on  by  a  male  having  almost  identically  the 
same  constitution. 

SterilUyfram  Changed  Canditiana  rf  Life, 

I  will  now  attempt  to  show  that  animals  and  plants,  when 
removed  from  their  natural  conditions,  are  often  rendered  in 
some  degree  infertile  or  completely  barren ;  and  this  occurs 
even  when  the  conditions  have  not  been  greatly  changed. 
This  conclusion  is  not  necessarily  opposed  to  that  at  which 
we  have  just  arrived,  namely,  that  lesser  changes  of  other 
kinds  are  advantageous  to  organic  beings.  Our  present 
subject  is  of  some  importance,  from  haVing  an  intimate  con- 
nection with  the  causes  of  variability.  Indirectly  it  perhaps 
bears  on  the  sterility  of  species  when  crossed  :  for  as,  on  the 
one  hand,  slight  changes  in  the  conditions  of  life  are  favour- 
able to  plants  and  animals,  and  the  crossing  of  varieties  adds 

'  Mr.  Sp«noer  Hm  Ailly  nnd  ably  from  crou-br^cUinj;,  and  of  the  cril 

dltcttsfed  thit  whole  lubject  in  hU  '  oifocU  from  gre:tt  changes  in  the  oon- 

*Principlei  of  Biology,'  1864,  vol.  ii.  ditions  an!  frum  croning  widely  du» 

oh.  X.     In  the  first  edition  of  my  ^  tinct  formit,  as  a  series  of  facta  "con* 

*  Origin  of  Species,'  1809,  p.  2tf7,  I  nected  together  by  some  common  hot 

spolce  of  the  good  effects  ftrom  slight  anicnown  bond,  which  Is  essentially 

«hanges  in  the  conditions  of  life  and  related  to  the  principle  of  life. 
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to  the  size,  vigour,  and  fertility  of  their  ofibpring ;  so,  on  tho 
other  hand,  certain  other  changes  in  the  conditions  of  life 
cause  sterility;  and  as  this  likewise  ensnes  from  crossing 
much-modified  forms  (/r  species,  we  have  a  parallel  and  double 
series  of  facts,  which  apparently  stand  in  dose  relation  to 
each  other. 

It  is  notorious  that  many  animals,  though  perfectly  tamed, 
refuse  to  breed  in  captivity.  Isidore  Geo£&oy  St.-Hilaire* 
consequently  has  drawn  a  broad  distinction  between  tamed 
animals  which  will  not  breed  under  captivity,  and  truly 
domesticated  animals  which  breed  freely  —  generally  more 
freely,  as  shown  in  the  sixteenth  chapter,  than  in  a  state  of 
nature.  It  is  possible  and  generally  easy  to  tame  most 
animals ;  but  experience  has  shown  that  it  is  difficult  to  get 
them  to  breed  regularly,  or  even  at  alL  I  shall  discuss  this 
subject  in  detail ;  but  will  gpive  only  those  cases  which  seem 
most  illustrative.  My  materials  are  derived  from  notices 
scattered  through  various  works,  and  especially  from  a  Beport, 
kindly  drawn  up  for  me  by  the  officers  of  the  Zoological 
Society  of  London,  which  has  especial  value,  as  it  records 
all  the  cases,  during  nine  years  from  1838-46,  in  which  the 
animals  were  seen  to  couple  but  produced  no  offspring,  as  well 
as  the  cases  in  which  they  never,  i^  far  as  known,  coupled. 
This  MS.  Beport  I  have  oorrected  by  the  annual  Beports 
subsequently  published  up  to  the  year  1865.^®  Many  facts 
are  given  on  the  breeding  of  the  animals  in  that  magnificent 
work,  *  Gleanings  from  the  Menageries  of  Enowsley  Hall,*  by 
Dr.  Gray.  I  made,  also,  particular  inquiries  from  the  expe- 
rienced keeper  of  the  birds  in  the  old  Surrey  Zoological 
Gardens.  I  should  premise  that  a  slight  change  in  the  treat- 
ment of  animals  sometimes  makes  a  great  difference  in  their 
fertility;   and  it  is  probable  that  the  results  observed  in 

*    '  Euais   de    Zoologia  G^n^rale,'  kept,  and  of  these  1  upecies  in  1 '  9 

184-1,  p.  256.  hare  bred  at  least  once  during  the 

'*  Since  the  appearance  of  the  first  20  jears;  of  *J8  Marsupialia,  1  in  2'*5 

^lition  of  this  worlc,  Mr.  Sclater  has  hare  bred;  of  74  Carnirora,  1  in  3*0 

published  0  Proc  Zoolog.  Soc.,'  1888,  hara  bred;  of  52  Rodentia,  1  in  4*7 

p.  623)  a  list  of  the  species  of  mam-  hare  bred ;  and  of  Quadrumana  75 

iiials  which  hare  brad  in  the  gardens  spades  hare  been  it  apt,  and  1  in  0*2 

from  1848  to  1867  inclusire.    Of  tha  hare  bred. 
Artiodactyla  85  species   hare    baea 
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different  menageries  Would  diffet;  Indeed,  some  animals  in 
our  2k)ologioal  Gardens  have  become  more  prodnotive  since 
the  year  1846.  .It  is,  also,  manifest  from  F,  Cnvier's  aooount 
of  the  Jardin  des  Plantes,^^'that  the  animals  formerly  bred 
mnoh  less-  freely  there  than  with  ns ;  for  instance,  in  the 
Duck  tribe,  which  is  highly  prolific,  only  one  species  had  at 
that  period  produced  young. 

•  •     .  '     .  •*   •  • 

The  mo*t  remarkable  cases, .  however,  are  Afforded  hy  animals 
kept  in  their  native  country,  which,  though  perfectly  tamed,  quite 
Itoalthy,  and  allowed  some  freedom,  are  absolutely  incapable  of 
breeding.  Henggor,"  who  in  Paraguay  particularly  attended  to 
this  subject,  specifies  six  quadrupeds  in  this  condition;  and  ho 
mentions  two  or  three  others  which  most  rarely  breed.  Mr.  Bates, 
in  his  admirable  work  on  the  Amazons,  strongly  insists  on  similar 
cases; "  and  he  remarks,  that  the  fact  of  thoroughly  tamed  native 
mammals  and  birds  not  breeding  when  kept  by  the  Indians,  cannot 
be  wholly  accounted  for  by  their  negligence  or  indifference,  for 
the  turkey  and  fowl  are  kept  and  bred  by  various  remote  tribes. 
In  almost. every  part  of  the  world — ^for  instance,  in  the  interior  of 
Africa,  and  in  several  of  the  Polynesian  islands-— the  natives  are 
extremely  fond  of  taming  the  indigenous  quadrupeds  and  birds; 
but  they  rarely  or  never  succeed  in  getting  them  to  breed. 

The  most  notorious  cose  of  an  animal  not  breeding  in  captivity 
is  that  of  the  elephant.  Elephants  are  kept  in  large  numbers  in 
their  native  Indian  home,  live  to  old  age,  and  are  vigorous  enough 
for  the  severest  labour ;  yet,  with  a  very  few  exceptions,  they  have 
never  been  known  even  to  couple,  though  both  males  and  females 
have  their  proper  periodical  seasons.  If,  however,  we  proceed  a 
Uttle  eastwiod  to  Ava,  we  hear  from  Mr.  Orawfurd^^  that  their 
"  breeding  in  the  domestic  state,  or  at  least  in  the  half-domestic 
state  in  which  the  female  elepliants  are  generally  kept,  is  of  every- 
day occurrence ;"  and  Mr.  Grawfurd  informs  me  that  he  believes 
that  the  difGarence  must  be  attributed  solely  to  the  females  being 
allowed  to  roam  the  forest  with  some  degree  of  freedom.  The 
captive  rliinoceros,  on  the  other  hand,  seems  from  Bishop  Heber*8 
account^'  to  breed  in  India  far  more  readily  than  the  elephant 
Four  wild  species  of  the  horse  genus  have  bred  in  Europe,  though 
here  exposea  to  a  great  change  in  their  natural  habits  of  Ufe ;  but 
the  species  have  generally  been  crossed  one  with  another.    Most  of 


"  Dn  Rat,  'Annalai  da  Musdum,'  1863,  vol.  i.  pp.  9e,  193;  vol.  it  pi. 

1S07,  torn.  ii.  p.  120.  113. 

"    '  S&ugethi«r«    ron    Puragoaj/  ■*  '  EmbMny  to  the  Court  of  Ar«, 

1830,  f.  49,  106,  118,  124,  201,  2o8,  rol.  i.  p.  534. 

249,  265,  32Z.  »»  *  Journal,'  rol.  I.  p.  213. 

>*  <  The  Nataralif  t  on  the  Amaxona,' 
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tho  members  of  the  pig  family  breed  readily  in  our  meDngories ; 
even  tho  Bed  RiTer  hog  (PotamochtgrvB  penieiUatug),  from  the 
RwelterJDg  plivins  of  West  Africa,  has  bred  twice  in  the  Zoological 
Gnrdons.  Here  also  the  Peccary  {Dicotylu  iorquatus)  has  bred 
Ecveral  times ;  but  nnother  species,  tho  I).  lahiatun^  though  ren- 
dered so  tame  as  to  bo  half-domesticated,  is  said  to  breed  so  rarely 
in  its  nativo  country  of  Paraguay,  that  according  to  Rengger  ** 
tho  fact  requires  couilrmalion.  Mr.  Bates  remarks  that  tlio  tapir, 
though  often  kept  tamo  in  Amazonia  by  tho  Indians,  noYcr 
breeds. 

Bnminnnts  generally  breed  quite. freely  in  England,  though 
brought  from  widely  different  climates,  as  may  be  seen  in  the 
Animal  Beports  of  tlie  Zoological  Gardens,  and  in  the  Gleaniugs 
from  JiOrd  Derby's  menagerie. 

The  Gamivora,  with  the  exception  of  tho  Plantigrade  diyision, 
breed  (though  with  capricious  exceptions)  about  half  as  freely  as 
ruminants.  Many  sfjocics  of  Felida>  haTo  bred  in  yarious  mena- 
geries, altliough  imported  from  diverse  climates  and  closely  con- 
fined. Mr.  Bartlett,  the  precent  superintendent  of  the  Zoological 
Gai'dens,"  remarks  that  tho  lion  appears  to  breed  more  frequently 
and  to  bring  forth  more  young  nt  a  birth  than  any  other  species  of 
tho  family,  llondds  that  tho  tiger  has  rarely  bred;  "but  thcro 
are  several  well-authenticated  instances  of  the  female  tiger  breed- 
ing with  tho  lion.*'  Strange  as  the  fact  ma^  appear,  many  animals 
under  confinement  unite  with  distinct  species  and  produce  h}  brids 
quite  as  freely  as,  or  even  more  freely  than,  with  their  own  species. 
Qn  inquiring  from  Dr.  Falconer  and  others,  it  appears  that  the 
tiger  when  confined  in  India  does  not  brcecl,  though  it  has  licon 
known  to  couple.  Tho  chetah  (Fdis  juiaia)  has  never  been 
known  by  Mr.  Bartlctt  to  breed  in  England,  but  it  has  bred  at 
Frankfort;  nor  does  it  breed  in  India,  where  it  is  kept  in  largo 
numbers  for  hunting ;  but  no  pains  would  be  taken  to  make  them 
breed,  as  only  those  animals  which  have  hunted  for  themselves  in 
a  state  of  nature  are  serviceable  and  worth  training.^'  According 
to  Bengger,  two  spedes  of  wild  oats  in  Paraguay,  though  thoronghly 
tamed,  have  never  bred.  Although  so  many  of  the  FeltdsB  breed 
readily  in  the  Zoological  Gardens,  yet  conception  by  no  means 
always  follows  union :  in  tho  nine-year  Bcport,  varioun  f  pecies  are 
specified  which  were  observed  to  couple  seventy-three  times,  and 
no  doubt  this  must  have  passed  many  times  unnoticed ;  yet  from 
tho  seventy-three  unions  only  fifteen  births  ensued.  The  Garni  vera 
in  tho  Zoological  Gardens  were  formerly  less  freely  exposed  to  tho 
air  and  cold  than  at  present,  and  this  change  of  treatment,  as  I  was 
assured  by  the  former  superintendent^  Mr.  Miller,  greatly  increared 
their  fertility.    Mr.  Bartlett,  and  there  cannot  be  a  more  capable 


M  <  S&agethi«re,'  s.  827.  140. 

"  On  the  Breeding  of  the  Larger  "  Sleeman*!   'Rambles  in  ioUia/ 

rtlidn,  *  Troc  Zoolog.  Soc/  1861,  p.  vol.  ii.  p.  10. 
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fadge,  says,  "  it  is  remarkable  thai  lions  breed  more  fnelj  in 
^  travelling  collections  than  in  the  Zoological  Ghirdens ;  probiibly 
"  the  constant  excitement  and  irritation  produced  by  moTUig  from 
^  place  to  place,  or  change  of  air,  may  have  considerable  influence 
"  in  the  matter." 

Many  members  of  the  Dog  family  breed  readily  when  confined. 
The  Diiole  is  one  of  the  most  untamable  animals  in  India,  yet  a 
pair  kept  there  by  Dr.  Falconer  produced  young.  Foxes,  on  the 
other  hand,  rarely  breed,  and  I  have  never  heard  of  such  an  occur- 
rence with  the  European  fox:  the  silver  fox  of  North  America 
(CanU  argentatu9\  however,  has  bred  several  times  in  the  Zoo- 
logical Gardens.  Even  the  otter  has  bred  there.  Every  one 
knows  how  readily  the  semi-domesticated  ferret  breeds,  though 
shut  up  in  miBorabiy  small  cages ;  but  other  species  of  Viverra  and 
Paradoxurns  absolutely  refuse  to  breed  in  the  Zoological  Gardens. 
The  Gonetta  has  bred  both  here  and  in  the  Jardin  des  Plantes,  and 
produced  hybrids.  The  I/erpesteB/oKiutus  has  likewise  bred ;  but  I 
was  formerly  assured  that  the  H.  griattu^  though  many  wore  kept 
in  the  Gardens,  never  bred. 

The  Plantigrade  Camivora  breed  under  confinement  much  less 
fi-eoly  tiian  other  Garnivora,  although  no  reason  can  be  assigned 
fur  this  fact.  In  the  nine^year  Report  it  is  stated  that  the  bem 
had  been  seen  in  the  Zoological  Gardens  to  coujple  freely,  but 
previously  to  181B  hod  most  rarely  conceived.  In  the  ltoix)rts 
published  since  this  date  three  species  have  produced  young 
(hybrids  in  one  case),  and,  wonderrul  to  relate,  the  white  Polar 
iKtfir  has  produced  young.  The  badger  (Afefei  taxui)  has  bred 
several  times  in  the  Gardens;  but  I  have  not  hoard  of  thisoccun'ing 
elsewhere  in  England,  and  the  event  must  be  very  rare,  for  an 
instance  in  Germany  lias  been  thought  worth  recording."  In 
Paraguay  the  native  Nasua,  though  kept  in  pairs  during  many 
years  and  perfectly  tamed,  has  never  been  known,  according  to 
Ilengger,  to  breed  or  show  any  sexual  postdon;  nor,  as  I  hear  from 
Mr.  Bates,  does  this  animal,  or  the  Gercoleptes,  breed  in  Amazonia. 
Two  other  plantigrade  genera,  Procyon  and  Gulo,  though  often 
kept  tame  m  Paraguay,  never  breed  there.  In  the  Zoological 
Gardens  species  of  Nasua  and  Procyon  have  been  seen  to  couple; 
but  they  did  not  produce  young. 

As  domesticated  rabbits,  guinea-pigs,  and  white  mice  breed 
so  abundantly  when  closely  confined  under  yarious  climates,  it 
might  have  been  thought  that  most  other  members  of  the  Rodent 
oraor  would  have  bred  in  captivity,  but  this  is  not  the  case. 
It  deserves  notice,  as  showing  how  the  capacity  to  breed  sometimes 
goes  by  affinity,  that  the  one  native  rodent  of  Paraguay,  which 
Uioro  breeds  fridy  and  has  yielded  successive  generations,  is  the 
Vavia  apersa;  and  this  animal  is  so  closely  allied  to  the  guinea-pig, 


>*  Wiagmann's.'Arehlv  Air  Kiitnrgweh.,'  1837,  t.  1<2. 
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that  it  has  heen  erroneously  thought  to  be  the  parent  form.*'^  In 
the  Zoological  Gardens,  some  rodents  have  coupled,  but  haye  nerer 
produced  young ;  some  have  neither  coupled  nor  bred ;  but  a  few 
nave  bred,  as  the  porcupine  more  than  once,  the  Barbory  mouse, 
lemming,  chinchilla,  and  agouti  (Dtuyprocta  ctguO)  seTeral  times. 
This  latter  animal  has  also  produced  young  in  Paraguay,  though 
they  were  bom  dead  and  ill-formed ;  but  in  Amazonia,  according 
to  Mr.  Bates,  it  never  breeds,  though  often  kept  tamo  about  the 
houses.  Kor  does  the  poca  (C<jelogenif8  paca)  breed  there.  The 
common  hare  when  confined  has,  I  beheve,  never  bred  in  Europe ; 
though,  according  to  a  recent  statement,  it  has  crossed  with  the 
rabbit.*^  I  have  never  heard  of  the  dormouse  breeding  in  confine- 
ment. But  squirrels  offer  a  more  curious  case :  with  one  exception; 
no  species  has  bred  in  the  Zoological  Gardens,  yet  as  many  as 
fourteen  individuals  of  8.  palmarum  were  kept  tbgether  durinff 
several  years.  The  B,  cinera  has  been  seen  to  couple,  but  it  did 
not  produce  young ;  nor  has  this  species,  when  rendered  extremely 
tamo  in  its  native  country,  North  America,  been  ever  known  to 
breed.**  At  Lord  Derby's  menagerie  squirrels  of  many  kinds  were 
kept  in  numbers,  but  Mr.  Thompson,  the  superintendent,  told  me 
that  none  had  ever  bred  there,  or  elsewhere  as  far  as  he  knew. 
I  have  never  heard  of  the  English  squirrel  breeding  in  confinement 
But  the  species  which  has  bred  more  than  once  in  the  Zoological 
Gardens  is  the  one  which  perhaps  might  have  been  least  expected, 
namely,  the  flying  squirrel  (SciuropUrus  voiuceUa) :  it  has,  also, 
bred  several  times  near  Birmingham ;  but  the  female  never  pro- 
duced more  than  two  young  at  a  birtli,  whereas  in  its  native 
American  home  she  bears  from  three  to  six  young.** 

Monkeys,  in  the  nine-year  Bei)ort  from  the  Zoological  Gardens, 
ore  stated  to  unite  most  freely,  but  during  this  period,  though 
many  individuals  were  kept,  there  were  only  seven  births.  I  have 
beam  of  only  one  American  monkey,  the  Ouistiti,  breeding  in 
Europe.^    A  Macacus,  according  to  Flourens,  bred  in  Paris ;  and 


**  Rengger,  '  Saugethiero/  &c.,  s. 
276.  On  the  parentage  of  the  guinea- 
pig,  $€€  also  Jnid.  GooUroy  St.-llilairc, 
*  Hist.  Nat.  Gin.'  1  sent  to  Mr.  II. 
Dennv  of  Leeds  the  Hoe  which  I  ool- 
lectcJ  from  the  wild  aperea  in  La 
riatn,  and  he  informs  me  thiit  they 
belong  to  a  genus  distinct  from  those 
fuuni  on  the  guinea-pig.  This  is 
im|>ortant  evidence  that  the  aperea  is 
not  the  parent  of  the  guinea-pig ;  and 
is  worth  giving,  as  some  authors  erro- 
neously suppose  that  the  guinea- pig 
since  being  domesticated  has  become 
sterile  when  croesed  with  the  aperea. 

**  ^though  the  oslstence  of  the 


LeporideSf  as  described  by  Dr.  Broca 
('  Journal  de  Phys.,'  tom.  ii.  p.  870X 
hns  been  positively  denied,  yet  Dr.  l'i« 
geaux  (*  Annals  and  Mag.  of  Nat. 
Hist.'  vol.  xz.,  1867,  p.  75)  atfirms  that 
the  hare  and  rabbit  have  produced 
hybrids. 

"  *  Quadrupeds  of  North  America, 
by  Audubon  and  Bachman,  1846,  p. 
268. 

»  Ix>udon's  '  lilag.  of  Nnt.  Hist./ 
vol.  ix.,  1836,  p.  .571 ;  Andubun  and 
Bachman's  'Quadrupeds  of  North 
America,'  p.  221. 

**  Flonrens,  <De  I'lnstittct,'  Ira,, 
1845,  p.  88. 
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moTo  than  ono  specios  of  this  genns  lias  prodncod  young  in  London, 
ospodally  the  Macacut  rhesus,  which  ovorywhero  shows  a  spocial 
capacity  io  breed  nnder  conAneroent  Uybrids  liavo  been  prodncod 
both  in  Paris  and  London  from  this  same  gonns.  The  Arabian 
baboon,  or  Cynocephulits  hamad^-yoH,^  and  a  Gci'copithecus  havo 
bred  in  the  Zoological  Gardens,  and  the  latter  species  at  tho  Duke 
of  Northumberland's.  Several  members  of  the  family  of  Lemurs 
have  produced  hybrids  in  tho  Zoological  Gardens.  It  is  much 
more  remarkable  that  monkeys  very  rarely  breed  when  confined 
intlioir  native  country;  thus  the  Cay  (Cebiu  azarai)iH  frequently 
and  completely  tamed  in  Paraguay,  but  Kengger  "^  says  that  it  bieeds 
80  rarely,  tliat  he  never  saw  more  than  two  females  which  had 
produced  young.  A  similar  observation  lias  been  made  with  respect 
to  the  monkeys  which  are  frequently  tamed  by  the  aborigines  in 
Brazil."  In  Amazonia,  these  animals  fire  so  often  kept  in  a  tame 
state,  that  Mr.  Bates  in  walking  through  the  streets  of  Pai*^  counted 
thirteen  species ;  but,  as  he  asserts,  they  have  never  been  known  to 
brood  in  captivity.^ 

Birds. 

Birds  offer  in  some  respects  bettor  evidence  than  quadrupeds, 
from  their  breeding  more  rapidly  and  being  kept  in  greater 
numbers."  We  havo  soen  that  carnivorous  animals  aro  mora 
fertile  under  confinement  than  most  other  mammals.  The  reverse 
holds  good  with  carnivorous  birds.  It  is  said"^  that  as  many 
as  eighteen  species  have  been  used  in  Europe  for  hawking,  and 
several  otiiers  in  Persia  and  India ;  ^  thev  have  been  kept  in  their 
native  country  in  the  finest  condition,  and  have  been  flown  during 
six,  eight,  or  nine  years;"  yettliere  is  no  record  of  their  having 
ever  prouuced  young.  As  those  birds  wero  formerly  caught  whilst 
young,  at  groat  expense,  being  imported  from  Iceland,  Norway, 


**  See  *Annttn1  Reports  Zoolog. 
Hoc'  18.^5, 1858, 1803, 1864;  'Thne*' 
scwrspnpor,  Aug.  10th,  1847;  Flou- 
reiw,  *  Dtt  I'Instinct,'  p.  85. 

**  <  Saugethicre,'  &c.,  t .  34,  49. 

•'  Art.  Braxil,  *  Peony  Cyclop.,'  p. 
363. 

**  '  The  Natural Ut  on  the  Amazons/ 
rol.  1.  p.  99. 

**  A  lUi  of  tho  sjiecies  of  birds 
which  hare  bretl  in  the  Zoological 
Qimlens  from  1848  to  18a7  incluMivo 
has  been  pubiidhod  by  BIr.  Sclater 
in  <  Proe.  Zoolog.  Soc/  1869,  p.  626, 
since  the  first  edition  of  this  work 
api^eared.  Of  Oolumbn  51  species 
have  been  kept,  and  of  Anseres  80 
species,  and  in  both  these  families,  1 


species  in  2*0  hare  bred  at  least  once 
in  the  20  years.  Of  Oallinn,  83 
species  have  been  kept,  and  1  in  2*7 
have  bred ;  of  57  Grallo*,  1  in  9  have 
bred;  of  110  Prehensoros,  1  In  22 
have  bred;  of  178  Passercs,  1  in 
25*4  have  bred;  of  94  AccipitrcA, 
1  in  47  have  bred  ;  of  25  Plcari«,  and 
of  35  Herodiones,  not  one  siMicies  in 
either  group  has  bred. 

**  *  Enoyclop.  of  Kural  Sjiortii/  p. 
091. 

*'  According  to  Sir  A.  Uurnas 
(<Cabool,'  &c.t  p.  51)^  eight  sjiccies 
are  used  for  hawking  in  Sindc. 

"  Loudon's  <Mag.  of  Nat  Il/st., 
rol.  vi.,  1833,  p.  110. 
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and  Sweden,  there  can  be  little  doubt  that,  if  poesible,  they  would 
have  been  proixigated.  In  the  Jordin  des  Flantes,  no  bird  of  prey 
has  been  known  to  cooplo.**  No  hawk,  vnltiire,  or  owl  lias  ever 
))rodnced  fertile  eggs  in  tlie  Zoological  Qiurdena,  or  in  tlie  old  Surrey 
Qavdens,  with  the  exception,  in  the  former  place  on  one  occasion, 
of  a  condor  and  a  kite  (MUvus  niyer).  Yet  several  species,  namely, 
the  Aquiia  futtoa^  JJalioittu  leucocepfuiluB,  Fuko  tinnuncufu^t  F»  sti6- 
buteo,  and  £uteo  wigurin,  have  been  seen  to  couple  in  the  Zoological 
Gardens.  Mr.  Morris  '*  mentions  as  a  unique  fact  that  a  kestrel 
{Falco  iinnuneulus)  bred  in  an  aviary.  The  one  kind  of  owl  which 
has  been  known  to  couple  in  the  Zoological  Gardens  was  the  Eagle 
Owl  (JSubo  maximw) ;  and  this  species  shows  a  special  inclination 
to  breed  in  captivity;  for  a  pair  at  Arundel  Castle,  kept  more 
nearly  in  a  state  of  nature  "  than  ever  fell  to  the  lot  of  an  animal 
deprived  of  its  liberty,"  ^  actually  reared  their  young.  Mr.  Gumey 
has  given  anoUier  instance  of  this  same  owl  breeding  in  confinement ; 
and  lie  records  the  case  of  a  second  species  of  owl,  tlio  Strim  jKiMerina, 
breeding  in  captivity." 

Of  the  smaller  graminivorous  birds,  many  kinds  have  been  kept 
tamo  in  their  native  countries,  and  have  lived  long ;  yet»  as  the 
highest  authority  on  cage-birds''  remarks,  their  propagation  is 
"  uncommonly  diflacult"  The  canary-bird  shows  that  thei'e  is  no 
inherent  difficulty  in  these  birds  breeding  freely  in  confinement ; 
and  Audubon  says'*  that  the  Frinfjilla  (Spiza)  eiru  of  North 
America  breeds  as  perfectly  as  the  canary.  The  difficulty  with 
the  many  finches  which  have  been  kept  in  confinement  is  all  the 
more  remarkable  as  more  than  a  dozen  species  could  bo  named 
which  have  yielded  hybrids  with  the  canary;  but  hardly  any 
of  these,  with  the  exception  of  the  siskin  ( b'ringiUa  ipinun),  have 
reproduced  llieir  own  kind.  Even  the  bullfinch  (Loxia  pfprhula) 
has  bred  as  frequently  with  the  canary,  though  belonging  to 
a  distinct  genus,  as  with  its  own  species.*  "Witn  respect  to  the 
skylark  (Alaudu  arvensis),  I  have  heard  of  birds  living  for  seven 
years  in  an  aviary,  which  never  produced  young;  and  a  great 
London  bird-fancier  assured  me  that  he  had  never  known  an 
instance  of  their  bi'ceding ;  nevertheless  one  cose  lias  been  recorded.^* 
In  the  nine-year  Bcport  from  the  Zoological  Society,  twenty-four 


**  F.  Cuvior,  '  Annal.  du  Miu^um/ 
torn.  ix.  ]>.  128. 

"  «Tho  Zoologist,'  vol.  vIL-viii., 
1840-50,  p.  2648. 

**  Knox,  'Ornithological  IUml>les 
in  Siiv<rx,'  p.  01. 

»•  «Th€  Zoologist,'  rol.  vll.-Tlii., 
1849-50,  p.  2566 ;  rol.  iz.-z.,  1851-2, 
p.  3207. 

"  Bcchstcin, '  Katnrgosch.  d«r  Stu* 
beavflgd,'  1840,  s.  20. 


••  'Ornithological  Diogrnphy,*  toU 
T.  p.  517. 

**  A  case  is  recorded  in  *  The  Zoo- 
logist,'  vol.  i.-ii.,  1843-45,  p.  453.  For 
the  siskin  breeding,  vol.  iii.*ir.,  1845* 
46,  p.  1075.  Bechstcin,  'Sttibon- 
vOgol,'  8.  130,  speolcs  of  bulllinithes 
malting  nests,  but  rarely  producing 
younff. 

*•  yarrell's  'Hist  BritUh  Bird*; 
1839,  vol.  i.  p.  419. 
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insessorial  species  are  enumerated  which  had  not  bred,  and  of 
these  only  four  were  known  to  have  coupled. 

Parrots  ore  singukrly  long-lived  birds ;  and  Humboldt  mentions 
the  curious  fact  of  a  parrot  in  South  America,  which  spoke  the 
language  of  an  extinct  Indian  tribe,  so  that  tliis  bird  preserved 
the  sole  relic  of  a  lost  language.  Even  in  this  country  there  is 
rooson  to  believe  ^^  that  ixarrote  have  lived  to  the  age  of  nearly 
one  hundred  years;  yet  they  breed  so  rarely,  though  many  have  lieen 
kept  in  Europe,  that  the  event  has  been  thought  worth  looordiog 
in  the  gravest  publications.^  Nevertheless,  when  Mr.  Buxton 
tuinod  out  a  ]ai*ge  number  of  parrots  in  Norfolk,  three  pairs  bi-ed 
and  reared  ton  young  birds  in  the  course  of  two  seasons ;  and  this 
success  may  bo  attributed  to  their  free  life/'  A  coording  to  Bochstoin  ** 
the  African  l*$ittaem  erithacua  breeds  oftcner  than  any  other  f^pocies 
in  Germany :  the  P.  macoa  occasionally  lays  fei'tile  eggs,  but  rarely 
succeeds  in  hatching  them;  this  bird,  however,  has  the  instinct 
of  incubation  sometimes  so  strongly  developed,  that  it  will  hatch 
the  eggs  of  fowls  or  pigeons.  In  the  Zoological  Gardens  and  in 
the  old  Surrey  Gardens  some  few  species  have  coupled,  bnt,  with 
the  exception  of  three  species  of  parrakcets,  none  have  bred,  it 
is  a  much  more  remarkable  fact  that  in  Guiana  parrots  of  two 
kinds,  OS  I  am  informed  by  Sir  B.  Schomburgk,  are  oftxm  taken 
from  the  nosts  by  the  Indians  and  roai*od  in  largo  numbers ;  they 
are  so  tamo  that  thuy  fly  freely  about  the  housos,  and  oomo  when 
called  to  be  fed,  like  pigeons;  yet  he  has  never  heard  of  a  single 
instance  of  their  breeding.^-  In  Jamaica,  a  resident  naturalist, 
Mr.  E.  Hill,^'  says,  "no  birds  more  readily  submit  to  human 
'*  dependence  than  the  parrot- tribe,  but  no  instance  of  a  parrot 
"  breeding  in  this  tamo  life  has  been  known  yet"  Mr.  Ilill  specifies 
a  number  of  other  native  birds  kept  tame  in  the  West  Indies,  whidi 
never  breed  in  this  state. . 

The  great  pigeon  family  offera  a  striking  contrast  with  the  parrots : 
in  the  nine-year  Beport  thirteen  species  are  recorded  as  having 
bred,  and,  what  is  more  noticeable,  only  two  were  seen  to  couple 
without  any  result.  Since  the  above  date  every  annual  Iteport 
^ves  many  cases  of  various  pigeons  breeding.  The  two  magnificent 
crowned  pigeons  (Ooura  coronata  and  victor ia)  produced  hybrids; 


«i  Loadon's  <  Mag.  of  Nat  HUtory  / 
vol.  xix.,  183U,  p.  347. 

«s  *  Mdmoiros  du  Masdnm  d'Hist. 
Nat./  torn.  X.  p.  814:  fivd  cftses  of 
parrots  brofiding  in  Franco  are  hero 
ruconied.  &v  al»o  '  lleport .  Brit. 
A8Soe.Zoolog./184.S. 

**  « AanaU  and  Mag.  of  Nat  Hist.,' 
Not.  1868,  p.  311. 

**  *  StubenrOgol,'  s.  105,  83. . 
'  ••  Dr.  Hancock  remarks  (*  Cbarlaa- 


worth's  Mng.  of  Nat  Hist'  vol. 
ii.,  1838,  p.  492),  **it  is  singular 
that,  amongst  the  numerous  usoful 
birds  that  are  indigenous  to  Guiiins, 
nono  are  found  to  propagate  among 
the  Indians ;  yet  the  common  fuwi  is 
reared  in  abundance  throughout  the 
country." 

«  ♦  A  Week  at  Pert  Royal/  1855, 
p.  7* 
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noTertheless,  of  tho  former  Bpecies  more  than  a  dozen  birds  were 
kept,  as  I  am  informed  by  Mr.  Crawfard,  in  a  park  at  Penang, 
under  a  perfectly  well-adapted  climate,  but  never  oDoe  bred.  The 
Oolumba  migmttma  in  its  native  country.  North  America,  invariably 
lays  two  eggs,  but  in  Lord  Derby's  menagerie  never  more  than 
one.    The  same  fact  has  been  observed  with  the  C,  leucocfiphcUei.^  • 

Gallinaceous  birds  of  many  f;enera  likewise  show  an  eminent 
capacity  for  brooding  under  captivity.  This  is  particularly  tlie  case 
with  pheasants,  yet  our  English  species  seldom  lays  more  than  ten 
eggs  in  confinement ;  whilst  from  eighteen  to  twen^  is  tho  usual 
number  in  the  wild  state.^'  With  the  GallinaceiB,  as  with  all  other 
order*,  there  are  marked  and  inexplicable  exceptions  in  regard  to 
tho  feirtility  of  certain  species  and  genera  under  confinement. 
Although  many  trials  have  been  made  with  tho  common  partridge, 
it  has  rarely  bred,  even  when  roared  in  large  aviaries ;  and  the  hen 
will  never  liatch  her  own  eggs.^  The  American  tribe  of  Guans 
or  Gracidso  are  tamed  with  remarkable  oase,  but  are  very  shy 
breeders  in  this  country;^  but  witti  care  various  species  woro 
formerly  made  to  breed  rather  freely  in  llolland.^^  Birds  of  this 
tribe  are  often  kept  in  a  perfectly  tamed  condition  iti  their  native 
country  by  the  Indians,  but  they  never  breed."*  It  might  have  b^n 
expected  that  grouse  from  their  habits  of  life  would  not  have  bred  in 
captivity,  more  especially  as  they  are  said  soon  to  languish  and 
die.**  But  many  cases  are  recorded  of  their  breeding:  the  caper- 
cailzio  (^Tetrao  urogallus)  has  bred  in  tlie  Zoological  Gardens;  it. 
breeds  without  much  difficulty  when  confined  in  Norway,  and  in 
Jlussia  five  successive  generations  have  been  reared  :  Itti-cio  kirm 
has  likewise  bred  in  Norway;  2\  tcoUcus  in  Ireland;  T.  untJbdluB  at 
Lord  Derby's;  and  7*.  cujndo  in  North  America. 

It  is  scarcely  possible  to  imagine  a  greater  change  in  habits  than 
that  which  the  members  of  tlie  ostrich  &mily  must  suffer,  when 
cooped  up  in  small  enclosures  under  a  temperate  climate,  after 
freely  roaming  over  desert  and  tropical  plains  or  entangled  forests; 


^'  Aadttbon,  'Aroericaa  Omith* 
olo$(y,'  vol.  ▼.  pp.  552,  557. 

^  iloubrny  on  Poultry,  7th  edit, 
p.  133. 

«*  Temminck,  'Ubt.  Nat.  Gen.  dfis 
PigeoDS,'  Ac,  1813,  torn.  iii.  pp.  28S, 
38*2;  *  Annnis  nod  Mng.ofNat.  Hist.,' 
vol  xii.,  1843,  p.  453.  Other  speciM 
of  pnrtridge  hafo  occasionally  bred ; 
IB  the  red-legged  (P.  ruhra\  when 
kept  in  a  large  court  ia  France  (jsee 
'Journal  do  Physique,'  torn.  xxr.  p. 
204),  and  in  the  Zoological  Gardens 
in  1856. 

••  Rev.  E.  S.  Dixon,  *The  Dove- 
cots,' 1651,  pp.  243-252. 


•>  Temtnmck,  'Hist.  Kat.  Gen.  des 
Pigeons,' &C.,  torn.  ii.  pp.  456,458; 
torn.  iii.  pp.  2,  13,  47. 

■*  Bates,  <11ie  Naturalist  on  the 
Amazons,'  vol.  i.  p.  103;  vol.  ii.  ii. 
112. 

M  Temminck,  <  Hist  Nat.  G^n.,'  &c, 
torn.  ii.  p.  125.  For  Tetrao  urogallut^ 
see  L.  Uoyd,  *  Field  SporU  of  North 
of  Europe,'  vol.  L  pp.  287,  314 ;  and 
'Bull,  de  la  Soc  d'Aoclimat.,'  torn* 
vii.,  18G0,  p.  GOO.  For  T.  ttudicut, 
Thompson,  'Na(^  Hist,  of  Ireland,' 
vol.  ii.  1B50,  p.  49.  For  T,  cupichh 
•  Boston  Journal  of  Nat.  Hist.,'  vol 
lit  p.  199. 
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yet  almost  all  the  kinds  hftye  froqnontly  produced  young  in  tho 
various  European  menoeeries,  even  the  mooruk  (^C^tswiruiabmneiii) 
from  New  Ireland.  The  African  ostrich,  thongh  perfoctlv  healthy 
and  living  long  in  the  South  of  France,  never  lays  more  than  from 
tirelvo  to  fifteen  eggs,  though  in  its  native  country  it  la.vs  from 
twenty-five  to  thirty.^  Here  we  have  another  instance  of  fertility 
imjiaired,  but  not  lost,  under  confinement,  ns  with  the  flying 
squirrel,  the  hen-phcesjint,  and  two  species  of  American  pigeons. 

Most  Waders  can  lie  tamed,  as  the  Rev.  R  S.  Dixon  informs  mo, 
with  remarkable  facility ;  but  several  of  them  are  sliort-Iived  under 
confinement,  so  that  their  sterility  in  this  state  is  not  surprising. 
The  cranes  breed  more  readily  than  other  genera:  Oru§  montigresia 
has  bred  several  times  in  Paris  and  in  tho  Zoological  Gardens,  as 
has  C/.  einerta  at  the  latter  place,  snd  G.  antiffone  at  Calcutta.  Of 
other  members  of  tliis  great  order,  Tetrapteiyx  paradtMon  has  bred 
at  Knowsley,  a  Forphyrio  in  Sicily,  and  tho  Ominuhi  cJUorqpua  in 
the  Zoological  Gnrdens.  On  the  other  hand,  several  birds  belonging 
to  tills  oraer  will  not  breed  in  their  native  counti*y,  Jamaica ;  and 
the  Psophia,  though  often  kept  by  the  Indians  of  Guiana  about 
their  houses, "  is  seldom  or  never  known  to  breed."  ^ 

The  members  of  the  great  Duck  family  breed  as  readily  in 
confinement  as  do  the  CoUimlw  and  Gallinm ;  and  this,  considering 
thoir  aquatic  and  wandering  habits,  and  tho  nature  of  thdr  food, 
could  not  have  l)een  antiot'iNitcd.  Even  some  time  ago  alx)vo  two 
dozen  species  had  bred  in  tho  Zoological  Gardens ;  and  M.  Selys- 
Loiigohamps  has  recorded  the  production  of  hybrids  from  forty-four 
different  members  of  the  family;  and  to  these  Professor  Newton  has 
widod  a  few  more  cases.^  "  There  is  cot,"  says  Mr.  Dixon,*^^ "  in 
the  wide  world,  a  goose  which  is  not  in  the  strict  sense  of  the  word 
domesticable;"  that  is,  capable  of  breeding  under  confinement: 
but  this  statement  is  probably  too  bold.  The  capacity  to  brcerl 
sometimes  varies  in  individuals  of  the  same  species;  thus  Audulx>n^ 
kept  for  more  than  eight  years  some  wild  geese  (Ansar  camidaint), 
but  they  would  not  mate;  whilst  other  individnals  of  the  same 
species  produced  vouog  during  the  second  year.  I  know  of  but  one 
instance  in  the  whole  family  of  a  species  which  alisolutely  refaees 
to  breed  in  captivity,  namely,  the  Dendrocygna  viduata,  although, 
according  to  Sir  B.  Schomburgk,^  it  is  easily  tamed,  and  is 
fi'oquently  kept  by  the  Indians  of  Guiana.     Lastly,  with  respect 

*'  llnrcel  dtt  Scrret,  'AoDales  det  'Report  Asiatic  Soc  of  Bongnl,'  May 

Sci.  Nat./  2Qd  series,  Zoolog.,  torn.  IBoo. 

liii.  p.  17A.  M  Prof.  Newton,  In  '  Proo.  Zoolog. 

M  Dr.  Ilnncock,  in  '  Chsrlesworth's  Soc,'  18U0,  p.  Sau. 

Mag.  of  Nat.  Hist./  vol.  ii.,  1838,  p.  *'  *The  I>orccote  and  Aviary,*  p. 

40 1 ;  R.  Hill,  *  A  Week  at  Port  Koyal,'  428. 

p.  8 ;  'Guide  to  the  Zoological  Gardens,*  **  *  Ornithological  Biography,'  roL 

W  P.  I«  Sclater,  1850,  pp.  11,  12;  lii.  p.  9. 

*  The  Knowsley  Menagerie/  by  Dr.  '*  'Geograph.  Joamal/  voL  ziiL| 

Gray,    1840,    pi.    xiv. ;    E.    blyth,  18U  m.  Si 
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to  Gulls,  though  many  hare  beon  kepi  in  tho  Zoological  Gardens 
and  in  the  old  Surrey  Gardens,  no  instance  was  known  before  tho 
year  1818  of  their  coupling  or  breeding;  but  since  that  period  the 
herring  gull  (Larun  argentaitu)  has  bred  many  times  in  tho 
Zoological  Garaens  and  at  Enowsley. 

There  is  reason  to  belioTe  that  insects  are  affected  by  confinement 
like  tho  higher  animals.  It  is  well  known  that  the  SphingidcD 
rurcly  breod  when  thus  treated.  An  entomologist^  in  Paris  kept 
twHity-ftve  specimens  of  ikUumia  pyri^  but  did  not  succeed  m 
getting  a  single  fertile  egg.  A  number  of  females  of  OrihoBtamunda 
and  of  Mamntra  buomi  reared  in  confinement  were  unattractiyo  to 
the  males.'*  Mr.  Newport  kept  nearly  a  hundred  individuals  of 
two  species  of  Vanessa,  but  not  one  paired ;  this,  howoTer,  might 
have  ooen  due  to  their  habit  of  coupling  on  the  wing.*'  Mr. 
Atkinson  could  never  succeed  in  India  m  making  the  Tarroo  silk- 
moth  broed  in  confinement^*  It  appears  that  a  number  of  moths, 
especially  the  Sphingidse,  when  hatched  in  the  autumn  out  of  their 
proper  season,  are  completely  barren ;  but  this  latter  case  is  still 
inToWed  in  some  obscurity.*^ 

Independently  of  tho  fact  of  many  animals  under  confine- 
ment not  coupling,  or,  if  they  oouple,  not  producing  young, 
there  is  evidence  of  another  kind  that  their  sexual  functions 
are  disturbed.  For  many  cases  have  been  recorded  of  the 
loss  by  male  birds  when  confined  of  their  oharacteristio  plu- 
mage. Thus  the  oomuion  linnet.  (Linota  caMiaiinck)  when 
caged  does  not  acquire  the  fine  crimson  colour  on  its  breast, 
and  one  of  the  buntings  (Evaberiza  passertna)  loses  the  black 
on  its  head.  A  Pyrrhula  and  an  Oriolus  have  been  observed 
to  assume  the  quiet  plumage  of  the  hen-bird  ;  and  the  Falco 
albiduB  returned  to  the  dress  of  an  earlier  age.'*  Mr.  Thomp- 
son, the  superintendent  of  the  Enowsley  menagerie,  informed 
me  that  he  had  often  observed  analogous  facts.  The  horns 
of  a  male  door  (Cervus  canaden$U)  during  the  voyage  from 
America  were  badly  developed;  but  subsequently  in  Paris 
perfect  horns  were  produced. 

••  London's  'Mng.  of  Nat.  Hist.,'  5764;    and   Dr.   Wallace,  In  'Proo. 

Tol.  T.,  1832,  p.  153.  Entomolog.  Soc.,'  Juno  4th,  1860,  p. 

•«  •  Zoologist,'  voU.  T.-vl.,  1847-48,  1 1 9. 
p.  1660.  ••  Varrell's  'Brituh  Birds,' rol.  i. 

**  '  Trriosact.  Entomolog.  Soc.,'  rol.  p.  506 ;  Bechstein,  '  StubenrOgei,'  s. 

IT.,  1845,  p.  50.  185  ;  '  Philosoph.  Transact,'  1772,  p. 

**  <  Transact.  Linn.  Soc.,'  rol.  rii.  271.     Bronn  (*  Geschichte  der  Natur,' 

p.  40.  Band  ii.  a.  96)  has  collected  a  number 

**  See  an  interesting  paper  by  Mr.  of  cases.    For  the  case  of  the  doer,  tee 

Newman,  in  the  *  Zoologist,'  1857,  p.  *  Penny  Cjolop.,'  toI.  riii.  p.  350. 


A 


142  STERILITY  FROM  Chap.  XYin. 

When  conception  takes  place  nnder  confinement,  the  yonng 
are  often  bom  dead,  or  die  aoon,  or  are  ill-formed.  ThU 
frequently  occurs  in  the  Zoological  Gardens,  and,  according  to 
Bengger,  with  native  animals  confined  in  Paraguay.  The 
mother*s  milk  often  fails.  We  inay  also  attribute  to  the  dis- 
turbance of  the  sexual  functions  the  frequent  occurrence  of 
that  monstrous  instinct  which  leads  the  mother  to  devour  her 
own  ofispring,— a  mysterious  case  of  perversion,  as  it  at  first 
appears. 

Sufficient  evidence  has  now  been  advanced  to  prove  that 
animals  when  first  confined  are  eminently  liable  to  suffer  in 
their  reproductive  systems.  We  feel  at  first  naturally  inclined 
to  attribute  the  result  to  loss  of  health,  or  at  least  to  loss  of 
vigour:  bat  this  view  can  hardly  be  admitted  when  we 
reflect  how  healthy,  long-lived,  and  vigorous  many  animals 
are  under  captivity,  such  as  parrots,  and  hawks  when  used  for 
hawking,  chetahs  when  used  for  hunting,  and  elephants.  The 
reproductive  organs  themselves  are  not  diseased;  and  the 
diseases,  from  which  animals  in  menageries  usually  perish, 
are  not  those  which  in  any  way  affect  their  fertility.  No 
domestic  animal  is  more  subject  to  disease  than  the  sheep,  yet 
it  is  remarkably  proliRo.  Ilie  failure  of  animals  to  breed 
under  confinement  has  been  sometimes  attributed  exdnsively 
to  a  failure  in  their  sexual  instincts :  this  may  occasionally 
come  into  play,  but  there  is  no  obvious  reason  why  ihis 
instinct  should  be  especially  liable  to  be  affected  with  per- 
fectly tamed  animals,  except,  indeed,  indirectly  through  the 
reproductive  system  itself  being  disturbed.  Moreover, 
numerous  coses  have  been  given  of  various  animals  which 
couple  freely  under  confinement,  but  never,  conceive ;  or,  if 
they  conceive  and  produce  young,  these  are  fewer  in  number 
than  is  natural  to  the  species.  In  the  vegetable  kingdom 
instinct  of  course  can  play  no  part ;  and  we  shall  presently  see 
that  plants  when  removed  from  their  natural  conditions  are 
affected  in  nearly  the  same  manner  as  animals.  Change  of 
climate  cannot  be  the  cause  of  the  loss  of  fertility,  for,  whilst 
many  animals  imported  into  Europe  from  extremely  different 
climates  breed  freely,  many  othei'S  when  confined  in  their 
native  land  are  completely  sterile.    Change  of  food  cannot  be 


CBAit.xym.  cnANGXD  oohditions.  148 

the  chief  oanse ;  for  ofitriches,  dacksj  and  many  other  animals, 
which  must  have  undergone  a  great  ohaiige  in  this  respect, 
breed  freely.  Carnivorous  birds  when  confined  are  extremely 
sterile;  whilst  most  camivorotis  mammals,  except  plantigrades^ 
are  moderately  fertile.  Nor  can  the  amount  of  food  be  the 
cause ;  for  a  sufficient  supply  will  certainly  be  given  to  valuable 
aiiimals ;  and  there  is  no  reason  to  suppose  that  much  more 
food  would  bo  given  to  them  than  to  our  choice  domostio 
productions  which  retain  their  full  fertility.  Lastly,  we  may 
infer  from  the  case  of  the  elephant,  chetah,  various  hawks,  and 
of  many  animals  which  are  allowed  to  lead  an  almost  free  life 
in  their  native  land,  that  want  of  exercise  is  not  the  sole  cause 
It  would  appear  that  any  change  in  the  habits  of  life,  what- 
ever these  habits  may  be,  if  great  enough,  tends  to  affect  in 
an  inexplicable  manner  the  powers  of  reproduction.  The 
result  depends  more  on  the  constitution  of  the  species  than  on 
the  nature  of  the  change;  for  certain  whole  groups  are 
affected  more  than  others ;  but  exceptions  always  occur,  for 
some  species  in  the  most  fertile  groups  refuse  to  bi'ced,  and 
some  in  the  most  sterile  groux^s  breed  freely.  Those  animals 
which  usually  breed  freely  under  confinement,  rarely  breed, 
as  I  was  assured,  in  the  Zoological  Gardens,  within  a  year  or 
two  after  their  fii*st  importation.  AVhcn  an  animal  which  is 
generally  sterile  under  confinement  happens  to  bi'eod,  the 
young  apparently  do  not  inherit  this  power:  for  had  this 
been  the  case,  various  quadrupeds  and  birds,  which  are 
valuable  for  exhibition,  would  have  become  common.  Dr. 
Broca  even  affirms  **  that  many  animals  in  the  Jardin  des 
Plantes,  after  having  produced  young  for  three  or  four  suc- 
cessive generations,  become  sterile;  but  this  may  be  the 
result  of  too  close  interbreeding.  It  is  a  romarlcablo  circum- 
stance that  many  mammals  and  birds  have  produced  hybrids 
under  confinement  quite  as  readily  as,  or  even  more  loadily 
than,  they  have  procreated  their  own  kind.  Of  this  fact  many 
instances  have  been  given ;  *^  cmd  we  are  thus  reminded  of 
those  plants  which  when  cultivated  refuse  to  be  fertilised  by 

M  'Journal  do  PhTsiologie/  torn.      subject,  «M  F.  Curler,  in  '  Annalti  dv 
U.  p.  847.  Mu^um/  torn.  lii.  p.  118. 

*'  For  additional  eridenoo  oa  thia 
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their  own  pollon,  but  can  easily  be  fcrtilifiod  by  that  of  ft 
distinot  spocios.  Finally,  wo  ninst  oonohido,  limited  as  tho 
oondusion  is,  that  changod  conditions  of  life  havo  an  especial 
power  of  acting  injuriously  on  tho  reproduotive  s^nstom.  Tho 
whole  case  is  quite  peculiar,  for  those  organs,  though  not 
diseased,  are  thus  rendered  incapable  of  pcrforpiing  iljoir 
proper  functions,  or  porfonn  them  imperfectly. 

Sterility  of  D*nnfH/icated  AnimaU  from  cJianged  conditionn, — With 
resi)ect  to  domesticated  animals,  as  their  domontication  mainly 
deiMnds  on  tho  accident  of  their  broediiic  freely  under  captivity, 
wo  oup;htnot  toex])eot  that  their  reproaacti?o  system  would  bo 
affected  by  any  moderate  degi'eo  of  change.  Those  orders  of 
quadrupeds  and  birds,  of  which  tho  wild  species  breed  most  readily 
in  our  menageries,  have  afforded  us  tho  greatCEt  number  of  domes- 
ticated productions.  Savoges  in  most  parts  of  the  world  are  fond 
of  timing  animals;**  and  if  any  of  these  I'egnlarly  produced  youn^, 
and  were  at  the  same  time  useful,  they  would  be  at  once  domesti- 
cated. If,  when  their  masters  migrated  into  other  countries,  they 
were  in  addition  found  capable  of  withstanding  various  climates, 
they  would  be  still  more  Tsluable;  and  it  appears  that  the  animals 
which  breed  readily  in  cai)tiyity  can  geneitulY  withstand  difforcnt 
climates.  Some  few  domesticated  animals,  such  as  tho  i*oindcer  and 
camel,  offer  an  exception  to  this  rule.  Many  of  our  domesticated 
animals  can  bear  with  undiminished  fertility  tho  most  unnatural 
conditions;  for  instance,  rabbits,  guinoa-pigs,  and  feiTcts  breed  in 
miserably  confined  liutchos.  Few  European  dogs  of  any  kind 
withstand  the  climate  of  India  without  degenerating,  but  as  long 
as  they  suryiye,  they  retain,  as  I  hear  from  Dr.  Falconer,  their 
fertility;  so  it  is,  according  to  Dr.  Daniell,  with  English  dogs 
taken  to  8ierra  Leone.  The  fowl,  a  native  of  the  hot  jungles  of 
India,  becomes  more  fertile  than  its  piircnt-stock  in  every  quarter 
of  tho  world,  until  we  advance  as  far  north  as  Greenhmd  and 
Northern  Siberia,  where  this  bird  will  not  breed.    Doth  fowls  and 

ingeons,  which  I  received  during  the  antnmn  direct  from  Sierra 
!j6ono,  were  at  once  ready  to  couple.**    I  liave,  also,  seen  pigeons 


**  Kumerons    instnncM    could    bo 
given.    Thus  LiviDgittone  (*Triire1s,* 

G.  S17)  stiitcs  thnt  the  King  of  the 
InroUe,  an  inlnnd  tribe  which  never 
had  any  communication  with  white 
men,  was  extremely  fund  of  taming 
animalis  and  every  young  antolo|)e  wm 
br'.ught  to  him.  Blr.  Gulton  infunnj 
me  thnt  the  Damarni  are  likewi«e 
fond  ( f  keeping  pctii.  The  Indian*  of 
Soiitli  America  follow  the  name  habit. 
Capt.  Wilkea  statea  that   the   Poly- 


nesians of  tho  Samoan  Inlands  tamed 
pigeons;  and  the  New  Zeiilandoi*H,  as 
Mr.  lilantell  informs  me,  kept  various 
kinds  of  birds. 

^  For  analogous  cases  with  th« 
fowl,  ae€  lloaumur,  'I/Art  do  faire 
Ki:loro,'  &c.,  1740,  p.  243;  and  Ccl. 
Sykcs,  in  *  Proc.  Zoolog.  Soc.,'  133  >, 
Lc,  With  respect  to  the  fowl  not 
breeding  in  northern  regions,  $e§ 
Latham^  *  HUt.  of  hirds,*  vol.  vHL, 
1823,  p.  160. 
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breeding  as  freely  as  the  cominon  kinds  within  a  Tcor  after  thdr 
importation  from  the  upper  Kile.  The  gnineiv-fowl,  an  aboricinal 
of  the  ]iat  and  dry  deserts  of  Africa,  whilst  living  under  our  damp 
and  oool  climate,  produces  a  largo  supply  of  eggs. 

Nevertheless,  our  domesticated  animals  under  new  conditions 
occasiondly  show  signs  of  lessened  fertility.  Boulin  asserts  that 
in  the  hot  Talloys  of  the  equatorial  Cordillera  sheep  are  not  fully 
fecund;'*  and  according  to  Lord  Soroervillo,^  tho  morino-shoep 
which  ho  imported  from  Spain  were  not  at  first  perfectly  fertile.  It 
is  said'*  that  mares  brought  up  on  dry  food  in  the  stable,  and 
turned  out  to  grass,  do  not  at  first  breed.  Tho  peahen,  as  we  have 
seen,  is  said  not  to  lay  so  many  eggs  in  England  as  in  India.  It 
was  long  before  the  canary-bird  was  fully  fertile,  and  even  now  first- 
rate  breeding  birds  are  not  common."  In  the  hot  and  dry  |  roriuce 
of  Delhi,  as  I  hear  from  Dr.  Falconer,  the  eggs  of  tlic  turkey, 
though  placed  under  a  hen,  are  extremely  liable  to  foil.  According 
to  Boulin,  ceese  taken  to  the  lofty  plateau  of  Bogota,  at  first  laid 
seldom,  and  then  only  a  few  eggs;  of  these  scarcely  a  fourtli  were 
hatdied,  and  half  the  joung  birds  died;  in  the  second  generation 
they  were  more  fertile;  and  when  Boulin  wrote  they  were  becoming 
as  fertile  as  our  geese  in  Europe.  With  respect  to  the  valley  of 
Quito,  Mr.  Orton  says  '?^  **  the  only  geese  in  the  valley  are  a  few 
imported  from  Europe,  and  those  refuse  to  propagate."  In  the 
Philippine  Archipelago  the  goose,  it  is  osRerted,  will  not  breed  or  even 
lay  eggs.''*  A  more  curious  case  is  that  of  the  fowl,  which,  accord- 
ing to  itoulin,  when  first  introduced  would  not  breed  at  Cusco  in 
Bolivia,  but  subsequently  became  quite  fertile ;  and  the  English  Game 
fowl,  lately  introduced,  had  not  as  yet  arrived  at  its  full  fertility, 
for  to  raise  two  or  three  chickens  from  a  nest  of  eggs  was  thought 
fortunate.  In  Europe  close  confinement  has  a  marked  effect  on  the 
fortility  of  tho  fowl :  it  has  been  found  in  Franco  that  with  fowls 
allowed  considerable  fi'oedom  only  twenty  per  cent  of  the  eggs  foiled ; 
when  allowed  less  freedom  forty  per  cent,  failed ;  and  in  close  con- 
finement sixty  out  of  the  hundred  were  not  hatched."  So  we  see  that 
imnatural  and  changed  conditions  of  life  produce  some  effect  on  U^e 
fertility  of  our  most  thoroughly  domesticated  animals,  in  the  same 
manner,  though  in  a  far  less  degree,  as  with  captive  wild  animals. 

It  Is  by  no  moons  rare  to  find  certain  males  and  females  which  will 
not  breed  together,  though  both  are  known  to  be  perfectly  feriilo 
witli  other  males  and  females.  Wo  hove  no  reason  to  supposo  that 
tliis  is  caused  by  these  animals  having  been  subjected  to  any  change 
in  their  habits  of  life ;  therefore  such  coses  are  hardly  related  to  our 
present  subject.    The  cause  apparently  lies  in  an  innate  sexual  in- 

'*'*Mdin.TNirdirenSavan8,''<Acad.  ^*  'The  Andes  and   tlie   Anuisca,' 

des  ScienccV  torn,  vi.,  1835,  p.  347.  1870,  p.  107. 

"  Vouatt  on  Sheep,  p.  181.  '*  Crawfurd's  *  Descriptire  Diet,  of 

'*  J.  Mills,  « Treatise  pn  Cattle,'  the  Indian  Islands,'  1856,  p.  145. 
1776,  p.  72.  '•  <  Bull,  de  la  Soc.  d'Aodimat, 

»  Bcchsttia,  *  StubenroKel,'  i.  242.  torn.  U..  1862,  pp.  380,  884. 
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eompatibilitj  of  the  pair  whicli  aie  matched.  Several  instances  liare 
been  communicated  to  mo  by  Mr.  W.  .0.  Spoooer  (well  known  for  his 
essay  on  Cross-breedinff),  by  Mr.Eyton  of  Eyton,  by  Mr.  Wicksted 
and  other  brooders,  anof  especially  by  Mr.  Waring  of  Cholsfiold,  in 
relation  to  horses,  cattle,  pigs,,  foxhounds,  other  dogs,  and  pigeons.''^ 
In  these  cases,  females^  which  either  proYiousIy  or  subsequently  were 
proved  to  be  fertile,  failed  to  breed  wiUi  certain  males,  with  whom 
it  was  particularly  desired  to  match  them.  A.  change  in  tlio  con- 
stitution of  the  female  may  sometimes  have  occurred  before  she  was 
put  to  tlio  second  male ;  but  in  other  cases  this  explanation  is  hardly 
tenable,  for  a  female,  known  not  to  be  barren,  has  been  unsuccessfully 
paired  seven  or  eight  times  with  the  same  male  like  wise. known  to  be 
perfectly  fertile.  With  cart-mares,  which  sometimes  will  not  breed 
with  stallions  of  pure  blood,  but  8ubBOf|nontly  have  brod  with  cart- 
stallions,  Mr.  Spoonor  is  inclined  to  attribute  the  failure  to  the  lesser 
sexual  power  of  tlio  race-horse.  But  I  havo  heard  from  the  greatest 
breeder  of  raco-horses  at  the  present  day,  through  Mr.  Waring,  that 
"  it  frequently  occurs  with  a  mare  to  be  put  several  tiroes  during 
"  one  or  two  seasons  to  a  particular  stallion  of  acknowledged  power, 
"  and  yet  prove  barren :  the  mare  afterwards  breeding  at  once  with 
''  some  other  horse."  These  facts  are  worth  recording,  as  they  show, 
like  so  many  previous  facts,  on  what  slight  constitutional  differences 
the  fertility  of  an  animal  often  depends. 

Sterililjf  of  PlanU  from  changed  Condilioiu  of  Lxft^  and  from 

other  causes. 

In  the  vegetable  kingdom  cases  of  sterility  frequently 
occur,  analogous  with  those  previously  given  in  the  animal 
kingdom.  But  tho  subject  is  obscured  by  several  circum- 
stances, presently  to  bo  discussed,  namely,  the  contabcsccnco 
of  the  anthers,  as  GUrtner  has  named  a  certain  affection — 
monstrosities— doubloness  of  the  flower— much-enlarged  fruit 
— ^and  long-continued  or  excessive  propagation  by  buds. 

It  is  notorious  tlia^>  many  plants  in  our  gardens  and  hot-hoiu>eB, 
though  preserved  in  tho  most  perfect  health,  rarely  or  never  pro- 
duce soed.  I  do  not  allude  to  plants  which  run  to  leavas,  from 
being  kept  too  damp,  or  too  warm,  or  too  much  manured;  for 
these  do  not  flower,  and  the  case  may  lx>  wholly  different.  Nor  do 
I  allude  to  fruit  not  ripening  from  want  of  heat  or  rotting  from  too 
much  moisture.  But  many  exotic  plants,  with  their  ovules  and 
pollen  appearing  perfectly  sound,  will  not  set  any  seed.  The 
sterility  in  many  cases,  as  I  know  from  my  own  observation,  is 
simply  due  to  the  absence  of  the  proper  insects  for  carrying  tho 
pollen  to  the  stigma.    But  after  excluding  the  several  cases  just 

^'  For  pigeons,  jm  Dr.  Chapuia,  <  Le  Pigeon  Vorageur  Beige,'  1865,  p.  6& 
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specified,  there  are  mtmj  plants  in  Trhich  tho  reprodnctire  system 
has  been  seriously  affected  by  the  altered  conditions  of  life  to 
which  they  have  been  subjected. 

It  would  bo  tedious  to  enter  on  many  details.  LinnaBUS  long 
ago  observed  ^'  tliat  Alpine  plants,  although  naturally  loaded  with 
aeod,  produce  either  few  or  none  when  cultivated  in  gardens.  But 
exceptions  often  occur :  Itbe  Drdba  gylvestru,  one  of  our  must 
thoroughly  Alpine  plants,  multiplies  itself  by  seed  in  Mir.  H.  G. 
Watsou's  garden,  near  London ;  and  Eemer,  who  has  particularly 
attended  to  the  cultivation  of  Alpine  plants,  found  tnat  various 
kinds,  when  cultivated,  spontaneously  sowed  themselves.^  Many 
plants  which  naturally  grow  in  peat-earth  are  entirely  sterile  in  our 
gardens.  I  have  noticed  the  same  fact  with  several  lihaceous  plants, 
which  nevertheless  gi'ew  vigorously. 

Too  much  manure  ronders  some  kinds  utterly  sterile,  as  I  have 
myself  observed. .  The  tendency  to  sterility  from  this  cause  runs 
in  families ;  thus,  according  to  Gartner,*^  it  is  hardly  possible  to 
give  too  much  manure  to  most  Gramineo),  Grudferso,  and  Legn- 
minofife,  whilst  succulent  and  bulbous-rooted  plants  are  easily 
fiffectod.  Extreme  poverty  of  soil  is  less  apt  to  induce  sterility ; 
but  dwarfed  plants  of  Trlfolium  minu$  ana  repent,  crowing  on  a 
lawn  often  mown  and  never  manured,  were  found  by  me  not  to 
pi*ndnco  any  seed.  The  tomperaturo  of  tho  soil,  and  tho  season  at 
which  plants  are  watered,  often  have  a  marked  effect  on  their 
fertility,  as  was  observed  by  Eolrouter  in  the  cose  of  Mirabilis.*' 
Mr.  Scott,  in  the  Botanic  Gardens  of  Edinburgh,  observed  that 
Oitculium  divaricaium  would  not  set  seed  when  grown  in  a  basket 
in  which  it  throve,  but  was  capable  of  fertilisation  in  a  pot  whcro 
it  was  a  little  damper.  Felarf/onium/ulgidum,  for  many  years  after 
its  intixxluction,  sccdud  freely;  it  then  became  steiile;  now  it  is 
fertile  "  if  kept  in  a  dry  stovo  during  the  winter.  Other  varieties 
of  [Kjlargonium  are  sterile  and  others  fertile  without  our  being  able 
to  assign  any  cause.  Very  slight  changes  in  the  position  of  a  pitint, 
whether  planted  on  a  bank  or  at  its  base,  sometimes  make  all  the 
difference  in  its  producing  seed.  Temperaturo  apparently  has  a 
much  inoro  powerful  influence  on  the  fertility  of  plants  than  on 
that  of  animals.  Nevertheless  it  is  wonderful  what  changes  some 
few  plants  will  withstand  with  undiminished  fertility:  thus  tho 
Zejihffitmthes  candidtu^  a  native  of  tho  moderately  warm  banks  of  the 
Platfl^  sows  itself  in  the  hot  dry  country  near  Lima,  and  in  Yorkshire 


r. 


^  'SwediBh  Acts/   vol.    !.,  1730,  ChroojclV  1948,  pp.  253,  268,  and 

.  3.    Pallas  makes  the  same  remark  mentions  a  few  which  seed, 

nhis 'Trareh'(l^Dg.  translat.),voI.i.  **  '  Beitrftge    zar    Kenntniss    Jer 

p.  202.  Befruchtang,^  1844,  s.  333. 

»»  A.  Kerner,  'Die  Cultur  dor  Al-  •»  «Novn  AcU  Petrop.,'  1793,  p. 

penpflanxcn,' 1864,  8.  139;   Watson's  891. 

*Cybcle  Britannica,'  vol.  i.  p.  131;  **  'CotUge  Qardener/  185d,   pp 

Mr.  D.  Cameron,  also,  has  written  on  44,  109. 
the  culture  of  Alpine  plants  in '  Gard. 
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resiBts  the  soyeresi  frosts,  and  I  Imvo  seen  seeds  gathered  from  pods 
'srhich  had  been  covered  with  snow  dnring  three  weeks.*^  BeiierU 
wallichii,  from  the  hot  Khosia  mngo  in  India,  is  nniiijured  by  our 
sharpest  frosts,  and  ripens  its  fruit  under  our  cool  summers. 
NeYcrtheless,  I  presume  we  must  attribute  to  change  of  climate  the 
sterility  of  many  foreign  plants ;  thus,  the  Persian  and  Chinese 
lilacs  (Syriuffa  peraica  and  ehinmiBU),  though  perfectly  hardy 
here,  never  produce  a  seed;  the  common  lilac  (/$.  vu/^ris)  seeds 
with  us  moderately  welt,  but  in  parts  of  Germany  the  cnpsules 
never  contain  seed.^  Some  few  of  the  cases,  given  in  tlio  last 
chapter,  of  self-impotent  plonts,  might  haye  been  here  introduced, 
as  their  state  seems  due  to  the  conditions  to  which  they  have  boon 
subjected. 

The  liability  of  plants  to  bo  affected  in  their  fertility  by  slightly 
changed  conditions  is  the  more  remarkable,  as  the  pollen  when 
once  in  process  of  formation  is  not  easily  injured ;  a  plant  may  be 
transplanted,  or  a  branch  with  flower-buds  be  cut  off  and  placed  in 
water,  and  the  pollen  will  lie  matured.  Pollen,  also,  when 
once  mature,  may  be  kept  for  weeks  or  oven  months.*^  The  female 
organs  are  more  sensitive,  for  Gartner  ^  found  that  dicotyledonous 
plants,  when  carefully  removed  so  that  they  did  not  in  tho  least 
flag,  could  seldom  be  fertilised ;  this  occurred  oyen  with  potted 
plants  if  the  roots  had  grown  out  of  the  hole  at  the  bottom.  In 
some  few  cases,  however,  as  with  Digitalis,  transplantation  did  not 
prevent  fertilisation;  and  according  to  the  testimony  of  Mawz, 
Braasioa  rapa,  when  pulled  up  by  its  roots  and  plac^  in  water, 
ripened  its  seed.  Flower-stems  of  several  monoL-otyledonous  plants 
when  cut  off  and  placed  in  water  likewise  produce  seed.  But  in 
these  cases  I  presume  that  the  flowers  had  i3een  already  fertilised, 
for  Herbert  *^  found  with  the  Crocus  that  the  plants  might  be  re- 
moved or  mutilated  after  the  act  of  fertilisation,  and  would  still 
perfect  their  seeds;  but  that, if  transplanted  before  being  fertilised, 
the  application  of  pollen  was  powerless. 

Plants  which  have  been  long  cultivated  can  generally  enduro 
with  undiminished  fertility  various  and  great  changes ;  but  not  in 
most  cases  so  great  a  change  of  climate  as  domesticated  animals. 
It  is  remarkable  that  many  plants  under  these  circumstances  are 
so  much  affected  tliat  the  proportion  and  the  nature  of  their  che- 
mical ingredients  are  modified,  yet  their  fertility  is  unimpaired. 
Thus,  as  Dr.  Falconer  informs  me,  there  is  a  great  difference  in  the 
character  of  the  fibre  in  hemp,  in  the  quantity  of  oil  in  the  seed  cf 


"Dr.  HerWt,    *  Amaryllidaccoe,'  '  T.a  Variabilitd  des  Espic^s,' 18G8,  p. 

p.  176.  155. 

*'  Giirtner,  <  Beitrftge  zar  Kennt-  **  *  Bcitiilge  znr  Kenntniss,'  &c^  s. 

nU»* &c.,  s.  560,  564.  252,  833. 

•*  '  Qardener'a  Chronicle,'  1844,  p.  •'  <  Journal  of  Hort.  See,'  vol.  iL, 

215 ;  1850,  ]>.  470.     Faivra  gives  a  1847,  p.  83. 
good  r^umA  on  this  fubjeet  in  his 


Gnxr.  XYIII.  CONTABESCBNOB.  140 

the  Linum,  in  the  proportion  of  nnrcotin  to  morphine  in  the  poppy, 
in  gluten  to  starch  in  wheat,  when  these  plants  are  cultivated  on 
the  plaias  and  on  the  mountains  of  India ;  nevertheless,  thejr  all 
remain  fully  fertile. 

Contahw.enr.e, — Gartner  has  designated  by  this  term  a  ])eculiar 
condition  of  the  anthers  in  certain  plants,  in  which  they  are  shn« 
Tel  led,  or  Ixjcome  brown  and  tough,  and  contain  no  good  pollen. 
When  in  this  state  they  exactly  resemble  the  anthers  of  the  most 
sterile  hybrids.  Gartner,**  in  his  discussion  on  this  subject,  has 
shown  that  plants  of  many  orders  ore  occasionally  thus  affected ; 
but  the  Ciiryophyliacesa  and  Liliaceie  suffer  most,  and  to  these 
orders,  I  think,  the  EricaceiB  may  be  added.  Ck)ntabescence  varies 
in  degree,  but  on  the  same  plant  all  the  flowers  are  generally  affected 
to  nearly  the  same  extent  The  anthera  are  affected  at  a  very  early 
period  in  the  flower-bud,  and  remain  in  the  same  state  (with  one 
recorded  exception)  during  the  life  of  the  plant.  The  affiction 
cannot  be  cured  by  any  change  of  treatment,  and  is  proi)agated  by 
layers,  cuttings,  &c.,  and  perhaps  even  by  seed.  In  contabescent 
plants  the  female  organs  are  seldom  affected,  or  merely  become 
precocious  in  their  development.  The  cause  of  this  affection  is 
doubtful,  and  is  different  in  differem  coses.  Until  I  read  Gartner's 
discussion  I  attributed  it,  as  apparently  did  Herbert,  to  the  un- 
natural treatment  of  the  plants;  but  its  permanence  under  changed 
conditions,  and  the  female  organs  not  being  affected,  seem  incom- 
patible with  this  view.  The  fact  of  several  endemic  plants  be- 
coming contabescent  in  our  gardens  seems,  at  flrst  sight,  equally 
incompatible  with  this  view;  but  Eolrouter  believes  that  tliis  is 
the  result  of  their  transplantation.  The  contabescent  plants  of 
Dianthus  and  Verbascum,  found  wild  by  Wiegmann,  grew  on  a 
dry  and  sterile  bank.  The  fact  that  exotic  plants  are  eminently 
liable  to  this  affection  also  seems  to  show  that  it  is  in  sotpe  manner 
TAusod  by  their  unnatural  treatment.  In  some  instances,  as  with 
Silene,  Gartner's  view  seems  the  most  probable,  namely,  that  it  is 
caused  by  an  inherent  tendency  in  the  species  to  become  dicscious. 
I  can  add  another  cause,  namely,  tlie  illegitimate  unions  of  hetero- 
styled  plants,  for  I  have  observed  seedlings  of  three  species  of 
Primula  and  of  Lythrum  talicaria,  which  Jiod  been  raised  from 
plants  illegitimately  fertilised  by  their  own-form  pollep,  :with  some 
or  all  their  anthers  in  a  contabescent  state.  There  is  'perhaps  an 
additional  cause,  namely,  self-fertilisation;  7or  many  plants  of 
Dianthus  and  Lobelia,  which  had  been  raised  from  self- fertilised 
seeds,  had  their  anthers  in  this  state ;  but  these  instances  are  not 
conclusive,  as  both  genera  ai'e  liable  from  other  causes  to  this 
affection. 

Gases  of  un  opposite  nature  likewise  occur,  namely,  plants  with 


**  '  Bcitrll««  mr  Konntniss,'  &&,  s.  setzanr,'  t.  57.  Herbert, '  AmarjUi- 
117  ei  teq, ;  Kolreuter,  *Zweite  Fori-  dacese,  p.  855.  Wiegmann,  <  Uebei 
wtsniij;,'  a.   10,121;   *Dritte  Fort-      die  BatiiArderzeiignDg,'^a.  27. 
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the  fomale  organs  struck  \rith  sterility,  whilst  tho  male  organi 
remain  perfect.  Dituftkus  jafonicuSf  a  Fnssiflora,  and  Kicotianii, 
haYO  been  described  by  Gartner*^ as  being  in  this  unusual  con* 
dition. 

Monttrosities  as  a  eauM  of  sterility. — Great  deyiations  of  structure, 
even  when  the  reproductive  organs  themselres  are  not  seriously 
affected,  sometimes  cause  plants  to  become  sterile.  But  in  other 
cases  plants  may  become  monstrous  to  an  extreme  degree  and  yet 
retain  their  full  fertility.  Gallesio,  who  certainly  had  great  ex- 
perience,*^ often  attributes  sterility  to  this  cause;  but  it  may  be 
suspected  that  in  some  of  his  cases  sterility  was  tho  cause,  and  not 
tho  result,  of  tho  monstrdus  growths.  The  curious  St  Valery  apple, 
although  it  bears  fruit,  rai-ely  produces  seed.  Tho  wonderfully 
anomalous  flowers  of  Bwfonia  fritjida^  foimerly  doscribod,  though, 
they  appcdr  ftt  for  frnctiflcation,  are  storila^  Species  of  Primuli 
in  which  the  calyx  is  brightly  coloured  are  said"  to  bo  often  sterile, 
though  T  have  known  them  to  be  fortila  On  the  other  liand, 
Yerlot  gives  several  ca«os  of  proliferous  flowers  which  can  bo  pi*o- 
pagatodby  seed.  This  was  the  case  with  a  poppy,  which  had 
become  monopetalous  by  tho  union  of  its.  petals.**  Anotlier  extra- 
ordinary iK)ppy,  with  the  stamens  replaced  by  numerous  small 
supplementary  capsules,  likewise  reproduces  itself  by  seed.  This 
lias  also  occurred  with  a  plant  of  tkwifi-ayu  tjeum^  in  which  a  series 
of  adventitious  carpels,  bearing  ovules  on  their  mai*gins,  had  Ix^en 
developed  between  the  stamens  and  the  normal  carpels.*^  Lastly, 
with  respect  to  pelorio  flowers,  which  depart  wonderfully  from  the 
natural  structure,— those  of  Linaria  vulgat-is  seem  generally  to  be 
more  or  less  sterile,  whilst  those  before  described  of  Antirrhinum 
■mnjus,  when  artifldally  fertilised  with  their  own  pollen,  are 
perfectly  fertile,  though  sterile  whenlet*t  to  themselves,  for  bees  are 
unable  to  crawl  into  the  narrow  tubular  flower.  The  pelorio 
flowers  of  .  Corydalis  solida,  according  to  Godron,*'  are  sometimes 
barren  and  sometimes  fertile ;  whilst  tlioso  of  Gloxinia  aro'  well 
known  to  yield  plenty  of  seed. .  In  our  greenhouse  Pelargoniums, 
the  central  flower. of  the  truss  is  often  pelorio,  and  Mr.  Masters 
informs  mo  that  he  tried  in  vain  during  several  years  to  get  seed 
from  these  flowers.  I  likewise  made  many  vain  attempts,  but  some- 
times succeeded  in  fertilising  them  with  pollen  from  a  normal 


**  *  BastarderzetiguDff/  i.  S5G. 

**  *Tooria  delU  Kiprmluiione,' 
1816,  p.  6^ ;  *  Trftitd  da  Citrus,'  1811, 
p.  67. 

•»  Mp.  C.  W.  Crocker,  In  'Card. 
Chronicle/  1861,  p.  1002. 

•<  Verlot,  «De<  VaridUs,'  1865, 
p.  80. 

•*  Verlot,  ibid.,  p.  88. 

**  Prof.  AUman,  Brit  Aaeoc, 
siaoted  in  i\ks  *  Phytologitt,'  toL  iU 


p.  483.  Prof.  Harrey,  on  the  autho- 
rity of  Mr.  Andrews,  who  discovered 
the  plant,  infunned  me  that  this 
monstrosity  could  bo  propagated  by 
seed.  With  respoct  to  the  iKippy,  tfM 
Pruf.  Goop|K!rt,  as  quoted  in  *  Joiirunl 
of  Horticulture,'  July  Ist,  1863,  p. 
171. 

•^  <Comptci>    Rendu,'  Doe.  19th, 
1864,  p.  1039. 
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flower  of  another  variety;  and  conversely  I  several  times  fortilieod 
ordinary  flowers  with  peloric  pollen.  Only  once  I  snocoeded  in 
raising  a  plant  from  a  peloric  ^ower  fertilised  by  pollen  from  a 
peloric  flower  borne  by  another  variety ;  but  the  plant,  it  may  be 
added,  presented  nothing  particular  in  its  strncture.  Hence  we 
may  conclude  tliat  no  general  rule  can  be  laid  down;  but  any^ 
great  deviation  from  the  normal  structure,  even  when  the  rcpro* 
ductivo  organs  themselves  are  not  seriously  affected,  certainly  olton 
leads  to  nexual  impotence. 

lioMe  Flowers, — ^When  the  stamens  are  converted  into  petals; 
the  plant  becomes  on  tlie  male  sido  sterile;  when  both  stamens 
and  pistils  are  thus  changed,  the  plant  becomes  completely  barren.- 
Syiiimetrical  flowers  having  numerous  stamens  and  petals  are  the 
most  liable  to  become  double,  as  perhaps  follows  from  all  multiple 
organs  Ixsiug  the  most  subject  to  variability.  But  flowers  fiiniislicd 
with  only  a  few  stamens,  and  otliers  which  ai*e  af^ymmotrical  in 
structure,  sometimes  become  double,  as  wo  see  with  the.  double 
gori^o  or  Ulex,  and  AntirrhinunL  The  Gompositte  l)ear  what  are 
called  double  flowers  by  the  abnormal  development  of  the  corolla  of 
their  central  florets.  Donbleness  is  sometimes  connected  with 
prolincation,'*  or  the  continued  growth  of  the  axis  of  the  flower. 
Donbleness  is  strongly  inherited.  No  one  has  pi'oduced,  as  Lindloy 
remarks,''  double  flowers  by  promoting  the  perfect  health  of  the 
plant  On  the  contrary,  unnatural  conditions  of  life  favour  their 
production.  There  is  some  reason  to  believe  that  seeds  kept  during 
many  ycara,  and  seeds  believed  to  be  imperfectly  fertilised,  yield 
double  flowers  more  freely  than  fresh  and  perfectly  fertilifod  scorl.'" 
Long-continued  cultivation  in  rich  soil  socms  to  bo  the  commonest 
exciting  cause.  A  double  narcissus  and  a  double  Anihemia  uMlU, 
transplanted  into  vt^ry  poor  soil,  han  been  elisor vorl  to  become 
single;"  and  I  have  seen  a  completely  double  white  primrose 
rendered  permanently  single  by  lieing  divided  and  transplanted 
whilst  in  full  flower.  It  has  been  ol^rved  by  ProfcFsor  K  Morren 
that  donbleness  of  the  flowers  and  variegation  of  the  leaves  are 
antagonistic  states ;  but  so  many  exceptions  to  the  rule  hnve  lately 
been  recorded,'^  that,  though  general,  it  cannot  be  Icoked  at  as 
invariable  Variegation  seems  generally  to  result  from  a  feeble  or 
ati*opliied  condition  of  the  plant,  and  a  large  proportion  of  the 
seedlings  raised  from  parents,  if  bothare  variegatea,  usually  perish  at 
an  early  age ;  henco  we  may  perhaps  infer  that  donbleness.  which  is 


**  'Gardener's  Chronicle/ 1866,  p.  can  Joum.  of  Science,*  vol.  zxiii.  p. 

0d1.  47 ;  and  Verlot,  *  Des  Vari^Ue,'  1865, 

"  « Theory  of  Horiicnltare/  p.  333.  p.  84. 

••  Mr.  Fairweaihcr,  in  *  Transact  **  Lindlej'*   *  Theory  of  Horticiil- 

Hort.  Soc.,'  vol.  ill.  p.  406 :    Bosse,  ture,*  p.  3  3. 

quoted    bf  Bronn,  'Geschichto  der  ***  *  Gardener's  (."lironiclo,*  1 865,  p. 

Katur/  B.  ii.  s.  77.    On  the  effects  of  620 ;  1866,  pp.  290,  730 ;  ^w\  Verlot, 

the  removal  of  the  anthers,  see  Mr.  '  Des  Vari^tds,'  p.  75. 
Leitoer,  in  SilUman's  '  North  Amari- 
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the  antagonistio  state,  oommonlj  arises  from  a  plethoric  condition. 
On  the  other  liand,  extremely  poor  soil  sometimes,  though  rarely, 
appears  to  cause  doubleness :  I  formerly  described  '^'  some  completely 
double,  bud-like,  flowers  produced  in  lai-go  numbers  by  stuuted 
wild  plants  of  Oentiana  amardla  growing  on  a  poor  chalky  bank.  I 
have  also  noticed  a  distinct  tendency  to  doubleness  in  the  flowei's  of 
a  Banunoulus,Hor8e^hestnnt,and  Bladder-nut  {Ranunculus  I'epeim, 
ASacuiua  pavui,  and  Staphylw),  growing  under  veiy  unfaroumble 
conditioas.  Professor  Leiimanu  ^  found  several  wild  plants  gi'owing 
near  a  hot  spring  with  double  flowers.  With  respect  to  the  cause  of 
doubleness,  which  arises,  as  we  see,  under  widely  difibrent  circum- 
stances, I  shall  presently  attempt  to  show  that  the  most  probable 
view  is  that  unnatural  conditions  first  give  a  tendency  to  sterility, 
and  that  then,  on  the  princiijle  of  compensation,  as  the  reproductive 
organs  do  not  perform  their  proper  functions,  they  either  become 
developed  into  petals,  or  additional  petals  are  formed.  This 
view  has  lately  been  supported  by  Mr.  Laxton,^^  who  advances  the 
case  of  some  common  peas,  which,  after  long-continued  heavy  rain, 
flowered  a  second  time,  and  produced  double  flowers. 

Seedleu  /VmiV.— Many  of  our  most  valuable  fruits,  although  con* 
sisting  in  a  homological  sense  of  widely  difibrent  organs,  aro  either 
quite  sterile,  or  produce  extremely  few  seeds.  This  is  notoriously 
the  case  with  our  Ixist  pears,  grapes,  and  figs,  with  the  pine-apple, 
banana,  bread-fruit,  i)omogranato,  azarolo,  dute-iialms,  and  some 
members  of  the  orange-tribe.  Poorer  varieties  of  these  same  fruits 
either  habitually  or  occasionally  yield  sced.'^'  Most  horticulturists 
look  at  the  great  size  and  anomalous  development  of  the  fruit  as  the 
cause,  and  sterility  as  the  result;  but  the  opposite  view,  as  we  shall 
presently  see,  is  moro  probable. 

SUi'Uity  from  the  exceifiivt  development  of  the  organs  of  Growth  or 
Vegetation, — Plants  which  from  any  cause  grow  too  luxuriantly,  and 
produce  leaves,  stems,  runners,  suckers,  tubers,  bnltv,  <&c.,in  excess, 
sometimes  do  not  flower,  or  if  they  flower  do  not  yield  seed.  To 
make  European  vegetables  under  the  hot  climate  of  India  yield 
seed,  it  is  necessary  to  cheek  their  growth ;  and,  when  one-third 
grown,  tlioy  are  taken  up,  and  their  stems  and  tap-roots  are  cut  or 


»•«  'Oardoner'aChroaiclo,' 18i3,p. 
628.  In  this  article  1  saggestod  the 
theory  above  givea  on  the  doubleness 
of  flowers.  This  view  is  adopted  by 
Carrifero,  'Production  et  Fix.  des 
Yuri^tiS'  1805.  p.  07. 

>**  Quoted  by  GiUrtner,  *  Bostarder- 
•eognng/  s.  567. 

*•*  *  Gardener's  Chronicle,'  1866,  p. 
001. 

*•«  Lindley,  <  Theory  of  Horticul- 
ture,*  pp.  175-17U ;  Godron,  •  De  TEs- 
ptee,'  torn.    ii.  p.    106;    Piclcering, 


*  Races  of  Man;'  Gallcsio,  'Teoria 
dttllaRiproduxionc,'18!6,pp.101-!10. 
Meyen  (<  Reise  urn  Erde,'  Th.  ii.  s. 
214)  stotes  that  at  Manilla  one 
variety  of  the  banana  is  full  of  seeds  i 
and  Chamiuo(lloolcer's<Bot.  Misc.,' 
vol.  i.  p.  310)  describes  a  variety  of 
the  bread-fruit  in  the  Maris na  Islands 
with  small  fruit,  contain':og  seeds 
which  are  frequently  perfect.  Burner, 
in  his  *  Travels  in  Bolchara,'  reniarlcs 
on  the  pomegranate  seeding  in  Masen* 
deran,  as  a  remar liable  pecMlisrity. 
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mnlilatecl.'*'  So  it  is  with  hybridB ;  for  instance,  Prof.  Lecoq  "•  had' 
throo  plants  of  Mirabilis,  which,  though  they  prew  luxuriantly  and 
flowered,  were  quite  sterile ;  but  after  beating  one  with  a  stick  until 
a  few  branches  alone  were  left,  these  at  once  yielded  good  seed.  The 
sugar-cane,  which  grows  vigorously  and  produces  a  large  supply  of 
succulent  stems,  never,  according  to  yarious  observers,  bears  seed  in 
the  West  Indies,  Malaga,  India,  Cochin  China,  Mauritius,  or  tlie 
Malay  Archipelago.^  Plants  which  produce  a  largo  number  of 
tubers  aro  apt  to  be  sterile,  as  occurs,  to  a  certain  extent,  with  tlie 
ooinmon  potato;  and  Mr.  Fortune  informs  me  that  the  sweet 
potato  {Convcivulua  batatas)  in  China  never,  as  far  as  he  has  seen, 
yields  seed.  Dr.  Boyle  remarks  ^  that  in  India  the  Agave  vivfpam, 
when  grown  in  rich  soil,  invariably  produces  bulb?,  but  no  seeds ; 
whilst  a  ixK>r  soil  and  dry  climate  lead  to  an  opposite  result  In 
China,  acoording  to  Mr.  Fortune,  an  cxtraordinai*y  number  of  little 
bulbs  are  developed  in  the  axils  of  the  leaves  of  the  yam,  and  this 
plant  does  not  bear  seed.  Whether  in  these  cases,  as  in  thoee  of 
double  flowers  and  seedless  fruit,  sexual  sterility  from  changed 
conditions  of  life  is  the  primary  cause  which  leads  to  the  excessive 
development  of  the  oi*gan8  of  vegetation,  is  doubtful ;  tJiough  some 
evidence  might  be  advanced  in  fovour  of  this  view.  It  is  perhaps  a* 
moro  probable  view  that  plants  which  propagate  themselves  largely 
by  one  method,  namely  by  buds,  have  not  sufficient  vital  power  or 
organised  matter  for  the  other  method  of  sexual  generation.  ' 

Several  distinguished  botanists  and  good  practical  judges  believe 
that  long-continued  propagation  by  cuttings,  runners,  tubers,  bulbs, 
&c,  independently  of  any  excessive  development  of  these  parts^  is 
the  cause  of  many  plants  failing  to  produce  flowers,  or  producing 
only  barren  flowers,— it  is  as  if  they  had  lost  the  habit  of  sexual 
generation.'*  That  many  plants  when  thus  propagated  aro  sterile 
there  can  be  no  doubt,  but  as  to  whether  the  long  continuance  of  this 
form  of  propagation  is  the  actual  cause  of  their  sterility,  I  will  not 
venture,  from  the  want  of  sufficient  evidence,  to  express  an  opinion. 

That  plants  may  be  propogated  fur  long  periods  by  buds,  without 
the  aid  of  sexual  generation,  we  may  safely  mfer  from  this  being  the 
cose  witli  many  plants  which  must  have  long  survived  in  a  state  of 
naturo.  As  I  have  had  occasion  before  to  allude  to  this  subject,  I 
will  hero  givo  such  cases  as  I  have  collected.    Many  alpiuo  plants 


"•*  Ingledew,  in  « Transact,  of  Agri- 
cvlL  and  Hort.  Soc.  of  India,'  toI.  ii. 

*••  *Dt  la  F<k»ndation/  1862,  p. 
SOS. 

»•'  Hooker's  •Bot.  Misc.,'  vol.  i.  p. 
90;  Gallesio,  *Teoria  della  Ripro- 
duxlone/p.  110.  Dr.  J.  de  Cordemoy, 
in  *  Transact,  of  the  R.  Soc  of  Mauri- 
tins'  (uc\f  series),  vol.  r\.  1873,  pp. 
6(M)7,  gives  a  large  number  of  cases 
of  plants  which  nerer  sMd,  including 


several  species  Indigenous  in  Mauri- 
tius. 

»••  *  Transact.  Linn.  Soc.,'  rol.  xrii. 
p.  568. 

'••  Oodron,  •  De  I'Esp^ce,'  torn.  ii. 
p.  106 ;  Herbert  on  Crocus,  in  *  Jour- 
nal of  Hort.  Soc.,'  vol.  i.,  1846,  p. 
254:  Dr.  Wight,  from  what  he  has 
seen  in  India,  believes  in  this  riew : 
'Madras  Journal  of  Lit.  and  ScienMi 
voL  iv.,  18.06,  p.  81. 
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Ittcond  mountains  beyond  the  beight  at  which  they  can  prodnce 
8ced."^  Certain  species  of  Poa  and  Fesluca,  when  growing  on 
monntain-postnres,  propogato  themselves,  as  I  hoar  from  Mr. 
Bentham,  almost  exclusively  by  bnlblets.  Ealm  gives  a  more  curious 
instiince^"  of  several  American  trees,  which  grow  so  plentifully  in 
marshes  or  in  thick  woods,  that  they  ore  conainly  well  adapted  for 
those  stations,  yet  scarcely  over  produce  seeds ;  but  when  acciden- 
tally growing  on  the  outside  of  the  marsh  or  wood,  are  loaded  with 
seed.  The  common  ivy  is  found  in  Northern  Sweden  and  Russia, 
but  flowers  and  fruits  only  in  the  southern  provinces.  The  Acorm 
ealamtu  extends  over  a  large  portion  of  the  globe,  but  so  mroly 
perfects  fruit  that  this  has  been  seen  only  by  a  few  botanists; 
according  to  Oaspary,  all  its  pollen-groins  are  in  a  worthless  condi- 
tion."' The  IfyfMfricum  calyeinum,  which  propagates  itself  so  freely 
in  our  shrubberies  by  rhizomes,  and  is  naturalised  in  Iraland, 
blossoms  profusely,  but  rarely  sets  any  seed,  and  this  only  during 
certain  years;  nor  did  it  set  any  when  fertilised  in  my  garden  by 

J)ollen  from  plants  growing  at  a  distance.  The  Lysimachia  nummu" 
aria,  which  is  furnished  with  long  runners,  so  seldom  produces 
soed-capsulcs,  that  Prof.  Decaisne,^"  who  has  especially  attended  to 
this  plant,  has  never  seen  it  in  fruit.  The  Carex  rigvia  often  fails 
to  perfect  its  seed  in  Scotland,  Lapland,  Greenland,  Germany,  and 
Now  Hampshire  in  the  United  States."^  The  periwinkle  (  rmca 
m(i)or),  which  spreads  largely  by  runners,  is  said  scarcely  ever  to 
produce  fruit  in  JBngland ;  ^  but  this  plant  recjuires  insect-aid  for 
its  fertilisation,  and  the  proper  insects  may  be  absent  or  rare.  The 
JvMiooa.  grtwdiflora  has  become  naturalised  in  Southern  Fi*ance,  and 
lias  spread  by  its  rhizomes  so  extensively  os  to  impede  the  navigo- 
tion  of  the  waters,  but  never  produces  fertile  seed."*  The  liorse- 
rodish  {Cochlearia  armorcieia)  spreads  pertinaciously  and  is  natural- 
ised in  various  parts  of  Europe;  though  it  bears  flowers,  these 
rarely  produce  capsules :  Professor  Caspary  informs  me  that  ho  has 
watched  this  plant  since  18t5I,  but  has  never  seen  its  fruit ;  G5  per 
cent,  of  its  pollen-grains  sro  liod.  The  common  Jfavunctdus  Jiatria 
rarely  bears  seed  in  England,  France,  or  Switzerland ;  but  in  1863 
I  observed  seeds  on  several  plants  growing  near  my  house."'  Other 


"•  Wahlenberg  spedfies  eight 
fpecios  in  thin  stata  on  tho  Lapland 
Alps:  anr  Appendix  ^  LinncBus' *  Tour 
in  Lnplan'J,'  translated  by  Sir  J.  £. 
Smith,  vol.  ii.  pp.  274-280. 

Ill 'Travels  in  North  America/ 
Eng.  trnnslat.,  vol.  \\\,  p.  175. 

^**  With  respect  to  the  iry  and 
Acorns,  9C9  Dr.  Bromfield  in  the '  Phy- 
tologist,*  vol.  iii.  p.  370.  Also  Lind- 
ley  and  Vaacher  on  the  Acorua,  and 
Mir  Caspary  as  below. 

»>*  *  AnnaLdes  Sc.  Na^'.'ird  series, 


Zool.,  torn.  iv.  p.  2S0.  Prof.  Decaisne 
refers  also  to  analogous  cases  with 
mosses  and  lichens  near  PariM. 

^i«  Mr.  Tuvkermann,  in  Silliman's 
'American  Journal  of  Science,'  vol. 
xlv.  p.  1. 

"^  Sir  .T.  E.  Smith,  <  English  Flora,' 
vol.  I.  p.  3H9. 

"•  G.  Planichon,  *  Flora  de  Mont- 
pellior,'  1864,  p.  20. 

'"'  On  the  non-production  of  seeds 
in  England,  tee  Mr.  Crocker,  in  *  Gar- 
desert  Weekly  Msgazine,'  1852,  p. 
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cases  analogous  with  the  foregoing  could  be  given;  for  instance, 
Rome  kinds  of  mosses  and  lichens  have  never  been  seen  to  fructify  in 
France. 

Some  of  these  endemic  and  naturalised  plants  are  probably 
rendered  sterile  from  excessive  multiplicatjon  by  buds,  and  their 
consequent  incapacity  fo  produce  and  nourish  seed.  But  tho 
sterility  of  otiiors  more  probably  depends  on  tho  |)ccnliar  condi« 
tions  under  which  they  live,  as  in  tho  cose  of  tho  ivy  in  tlie  northern 
parts  of  Europe,  and  of  the  trees  in  the  swamps  of  tho  United 
States ;  yet  these  plants  must  be  in  some  respects  eminently  well 
adapted  for  the  stations  which  they  occupy,  for  they  hold  their 
places  against  a  host  of  competitor^ 

Finally,  the  high  degree  of  sterility  which  often  accom- 
panies the  doubling  of  flowers,  or  an  excessive  development  of 
fruit,  seldom  supervenes  at  onoe.  An  incipient  tendency  is 
observed,  and  continued  selection  oompletes  the  result.  The 
view  which  seems  the  most  probable,  and  whioh  oonnects 
together  all  the  foregoing  facts  and  brings  them  within  our 
present  subjert,  is,  that  changed  and  unnatural  conditions  of 
life  first  give  a  tendency  to  sterility ;  and  in  oonsoquonco  of 
this,  the  organs  of  reproduction  being  no  longer  able  fully  to 
perform  their  proper  functions,  a  supply  of  organised  matter, 
not  required  for  the  development  of  tho  soodi  flows  either  into 
those  organs  and  renders  thorn  foliaceous,  or  into  the  fruii, 
stems,  tubers,  dsc,  increasing  their  size  and  suooulenoy.  But 
it  is  probable  that  there  exists,  independently  of  any  incipient 
sterility,  an  antagonism  between  the  two  forms  of  repro- 
duction, namely,  by  seed  and  buds,  when  either  is  carried  to 
an  extreme  degree.  That  incipient  st-erility  plays  an  impor- 
tant part  in  the  doubling  of  flowers,  and  in  the  other  cases 
ju6t  specified,  I  infer  chiefly  fix>m  the  following  facts.  When 
fertility  is  lost  from  a  wholly  different  cause,  namely,  fix>m 
hybridism,  there  is  a  strong  tendency,  as  Giirtncr^^*  affii'ms, 


70;  Vaucher,  'Hist.  Phjs.  Plantes 
d*Kurope,'  tom.  i.  p.  33 ;  Lecoq,  *  Geo- 
graph.  Dot.  d'Europe,'  torn.  iv.  p. 
406 ;  Dr,  I).  Clos,  in  *  Annal.  des  Sc 
Nnt.,'  3rd  series,  Bot.,  tom.  xrii., 
1832,  p.  129:  this  latter  author  refers 
to  other  anaiogoas  cases.  See  more 
especially  on  this  plant,  and  on  other 
tilled  cosei,  Prof.  Cospary,  "  Die  Ku- 


£har,"'  ibhand.  Katnrw.Gcsellsch.  so 
lalh','  B.  xl  1870,  p.  40,  78. 

"*  *  Bastarderzeugnng,'  s.  5CC 
Kolreuter  (Dritte  Fortsetziing.  s. 
73,  87,  110;  also  shows  that  whec 
tivo  species,  one  single  and  tho  other 
double,  are  crossed,  tho  hybrl'lf  4r« 
apt  to  be  eztremelj  doubla. 
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for  flowers  to  become  double,  and  this  tendency  is  inherited. 
Moreover,  it  is  notorious  that  ivith  hybrids  the  male  organs 
become  sterile  before  the  female  organs,  and  with  double 
fiowci*s  the  stamens  first  become  foliaceous.  This  latter  fact 
is  well  shown  by  the  male  flowers  of  dioecious  plants,  which, 
according  to  Gallesio,^^'  first  become  double.  Again,  Gart- 
ner ^^®  often  insists  that  the  flowers  of  even  utterly  sterile 
hybrids,  which  do  not  produce  any  seed,  generally  yield 
perfect  capsules  or  fruit,-  a  fact  which  has  likewise  been 
rcj^catedly  observed  by  Naudin  with  the  Cucurbitaceos ;  so 
(hat  the  production  of  fruit  by  plants  i-ondored  sterile  through 
\ny  cause  is  intelligible.  Kolreuter  has  also  oxpi-e^isod  his 
unbounded  astonishment  at  the  size  and  development  of  the 
tubers  in  certain  hybrids ;  and  all  experimentalists  '^^  have 
remarked  on  the  strong  tendency  in  hybrids  to  increase  by 
roots,  runnei-s,  and  suckers.  Seeing  that  hybrid  plants, 
which  from  their  nature  are  more  or  less  sterile,  thus  tend  to 
produce  double  flowers ;  that  they  have  the  parts  including 
the  seed,  that  is  the  fruit,  perfectly  developed,  even  when 
containing  no  seed;  that  they  sometimes  yield  gigantic 
roots ;  that  they  almost  invariably  tend  to  increase  largely  by 
suckers  and  other  such  means ; — seeing  this,  and  knowing, 
from  the  many  facts  given  in  the  earlier  parts  of  tliis  chapter, 
that  almost  all  organic  beings  when  exposed  to  unnatural 
conditions  tend  to  become  more  or  less  sterile,  it  seems  much 
the  most  probable  view  that  with  cultivated  plants  sterility 
is  the  exciting  cause,  and  double  flowers,  rich  .seedless  iniit, 
and  in  some  cases  largely-developed  organs  of  vegetation,  &c., 
are  the  indirect  results — these  results  having  been  in  most 
cases  largely  increased  through  continued  selection  by  man, 

i»  <Teorla     d«lU     Riproduxiono  >**  <  Bantarderzeugnng,' 5.  573. 

^  »g./  ISIS,  p.  73.  "«  Ibid,  ».  527. 
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BUXMART   OF  TUK  POOR  LAST  CHAPTERS,   WITH   RBMAIi£S   OV 

HYBRIDISM. 

OS    THB    BFVflUTB    OF    GBOSBINO — THB    IVrLUSNGB    OF     DOMBBmOATIOM    OH 

FiBnuTT— CLoa  mtsaiuuuEDnia — good   avd    mvjl    bbbults    fbok 

GHAHOKD  OOVDinOini  OF  L1F»— YABISriK  WHSH  GB06BKD  KOT  DT- 
TABIABLT  maiLB— ON  THB  DZFISBBBOB  DT  FXBTILITT  BBTWBBW 
CB06BKD  BFB0IB8  AND  TABISmS— OONCLXTBIONS  WITU  BB8PB0T  TO 
HTBBIDIBM — ^UGHT  THBOWN  ON  BTBBIDI8H  BT  THB  ILLBQITIMATB 
raOQBNT  OF  BBTBBO0TYLBD  PLANTS— «FBBIUTT  OF  CB08BED  8FB0IB8 
DUB  TO  DIFFEBBNGB8  CONFINED  TO  THB  BXPBODUCTiyB  8T8TEII — ^NOT 
AOOUMULATID  THBOUOH  NATURAL  SELECTION — REASONS  WHY  IXOfESTIO 
VABIETIBB  ABB  NOT  MUTUALLY  9rBBILB->T00  MUCH  STBBSB  HAS  BEEN 
LAID  ON  TUB  DIFFEBBNOB  IN  FEBTILITY  BETWEEN  CBOdSED  MFBOIBS  AND 
GB068ED  YABIBTIEB— OONOLl'SION. 

It  was  shown  in  the  fifteenth  chapter  that  when  individaals' 
of  the  same  variety,  or  even  of  a  distinct  variety,  are  allowed 
freely  to  intercross,  uniformity  of  character  is  ultimately  ao- 
qnired.  Some  few  characters,  however,  are  incapable  of 
Aision,  but  these  are  unimportant,  as  they  are  often  of  a 
semi-monstrous  nature,  and  have  suddenly  appeared.  Hence, 
to  preserve  our  domesticated  breeds  true,  or  to  improve  them 
by  methodical  selection,  it  is  obviously  necessary  that  they 
should  be  kept  separate.  Kevertbeless,  a  whole  body  of 
individuals  may  be  slowly  modified,  through  unconscious 
selection,  as  we  shall  see  in  a  future  chapter,  without  separa- 
ting them  into  distinct  lots.  Domestic  races  have  often  been 
intentionally  modified  by  one  or  two  crosses,  made  with  some 
allied  race,  and  occasionally  even  by  repeated  crosses  with 
very  distinct  races ;  but  in  almost  all  such  cases,  long-con- 
tinued and  careful  selection  has  been  absolutely  necessary, 
owing  to  the  excessive  variability  of  the  crossed  of&pring, 
due  to  the  principle  of  reversion.  In  a  few  instances,  how- 
ever, mongrels  have  retained  a  uniform  character  from  their 
first  production. 
When  two  varieties  are  allowed  to  cross  freely,  and  one  is 
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much  more  namerons  than  the  other,  the  former  will  ulti- 
mately absorb  the  latter.  Should  both  Tarieties  exist  in 
nearly  equal  numbers,  it  is  probable  that  a  considerable 
period  would  elapse  before  the  acquirement  of  a  uniform 
character;  and  the  character  ultimately  acquired  would 
largely  depend  on  prepotency  of  transmission  and  on  the  con- 
ditions of  life;  for  the  nature  of  these  conditions  would 
generally  favour  one  Tariety  more  than  another,  so  that  a  kind 
of  natural  selection  would  come  into  play.  Unless  the  crossed 
offspring  were  slaughtered  by  mnn  without  the  least  discri 
mination,  some  degree  of  unmethodical  selection  would  like- 
wise come  into  action.  I^m  these  several  considerations 
we  may  infer,  that  when  two  or  more  closely  allied  species 
first  came  into  the  possession  of  the  same  tribe,  their  crossing 
will  not  have  influenced,  in  so  great  a  degree  as  hns  often 
been  supposed,  the  character  of  the  offspring  in  future  times ; 
although  in  some  ca>-'es  it  probably  has  had  a  considei*able 
effect. 

Domeslication,  as  a  general  rule,  increases  the  prolificneHS 
of  animals  and  planf  s.  It  eliminates  the  tendency  to  sterility 
which  is  common  to  species  when  first  taken  from  a  state  of 
nature  and  crossed.  On  this  latter  head  we  have  no  direct 
evidence ;  but  as  our  races  of  dogs,  cattle,  pigs  <&c.,  are  almost 
certainly  descended  from  aboriginally  distinct  stocks,  and  as 
these  races  are  now  fully  fertile  together,  or  at  least  incom- 
p>irably  more  fertile  thnn  most  species  when  crossed,  we  may 
with  entire  confidence  accept  this  conclusion. 

Abundant  evidence  has  been  given  that  crossing  adds  to 
the  size,  vigour,  and  fertility  of  the  offspring.  This  holds 
good  when  there  has  been  no  previous  cWe  interbreeding. 
It  applies  to  the  individuals  of  tlie  same  vaiiety  but  belonging 
to  different  families,  to  distinct  varieties,  sub-species,  and 
even  to  species.  In  the  latter  ca^^e,  though  size  is  gained, 
fertility  is  lost ;  but  the  increased  size,  vigour,  and  hardiness 
of  many  hybrids  cannot  be  accounted  for  solely  on  the 
principle  of  compensation  from  the  inaction  of  the  reproduc- 
tive system.  Certain  plants  whilst  growing  under  their 
natural  conditions,  others  when  cultivated,  and  others  of 
hybrid   origin,  are    completely  self-impotent,  though  per- 
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fectly  liealthy ;  and  suoh  plants  can  be  stimulated  to  fei'tility 
only  by  being  Grossed  with  other  individuals  of  the  same  or 
of  a  distinct  species. 

On  the  other  hand,  long-continued  dose  interbreeding 
l)etwoen  the  nearest  relations  diminishes  the  constitutional 
vigour,  size,  and  fertility  of  the  ofispring ;  and  occasionally 
leads  to  malformations,  but  not  necessarily  to  general  de- 
terioration of  form  or  structure.  This  failure  of  fertility 
shows  that  the  evil  results  of  interbreeding  are  independent 
of  the  augmentation  of  morbid  tendencies  common  to  both 
paronts,  though  this  augmentation  no  doubt  is  often  highly 
injurious.'  Our  belief  that  evU  jfollows  from  close  interbreed- 
ing rests  to  a  certain  extent  on  the  experience  of  practical 
breeders,  especially  of  those  who  have  reared  many  animals 
of  quickly  propagating  kinds ;  but  it  likewise  rests  on  several 
carefully  recorded  experiments.  With  some  animals  close 
interbreeding  may  be  carried  on  for  a  long  period  with  im- 
punity by  the  selection  of  the  most  vigorous  and  healthy 
individuals ;  but  sooner  or  later  evil  follows.  The  evil,  how- 
ever, comes  on  so  slowly  and  gradually  that  it  easily  escapes 
observation,  but  can  be  recognised  by  the  almost  instantaneous 
manner  in  which  size,  constitutional  vigour,  and  fertility  are 
regained  when  animals  that  have  long  been  interbred  are 
crossed  with  a  distinct  family. 

These  two  great  classes  of  facts,  namely,  the  good  derived 
from  crossing,  and  the  evU  from  dose  interbreeding,  with  the 
consideration  of  the  innumerable  adaptations  throughout 
nature  for  compelling,  or  favouring,  or  at  least  permitting, 
the  occasional  union  of  distinct  individuals,  taken  together, 
lead  to  the  conclusion  that  it  is  a  law  of  nature  that  organic 
beings  shall  not  fertilise  themselves  fo):  perpetuity.  This  law 
v^as  first  plainly  hinted  at  in  1799,  with  respect  to  plants, 
by  Andrew  Enight,^  and,  not  long  afterwards,  that  sagacious 

>  *  Transactioiu  Phil.  Soc/  1799,  obMnrer  failod  to  understand  the  fbU 
p.  202.  For  Kolreuter,  am  '  Mem.  de  meaning  of  the  ttractnre  of  the 
TAcad.  de  St-P^tersbourg/  torn.  iii.  flowers  which  he  has  so  well  de- 
1S09  (published  181 IX  P>  1^7.  In  scribed,  from  not  always  having 
reading  CS.  K.  Sprengel's  remarkable  before  his  mind  th«  key  to  the  pro- 
work,  *  Das  entdeckte  Qeheimniss,'  blem,  namely,  the  good  derived  from 
&C.,  1793,  it  is  curious  to  observe  the  crossing  of  distiact  individual 
how -oft«n    this    woDderfuUy  acute  plants. 
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olwenrer  E6lrenter,  aftor  Bhowing  how  well  the  Malvaoead 
are  .adapted  for  crosBing,  asks,  >*aii  id  aliqtiid  in  reoessu 
habeat,  quod  hujusoemodi  flores  niinqaain.proprio,Ba6  pul- 
vere,  sed  semper  eo  aliarum  suie  speoiei  impregnentur,  merito 
quearitur  ?.  Gerte  natnra  nil  .facit  frostra."  .  Although  we 
may  demur,  to  Kdlxeuter'S'  saying  that  nature  does  nothing 
in  Tain,  seeing  how  many  rudimentary  and  useless  organs 
there. are,  yet  undoubtedly  the  argument  from  the  innumer- 
able .oontiivanoefi,  which  fayouT'  crossing,  is  of  the  greatest 
weight.  I  llio  most  important  result  of  this  law  is  that  it 
leads .  to  uniformity  of  character  in  the  individuals  of  the 
same,  species.  In  the  case  of  certain  hermaphrodites,  which 
probably  intercross  only, at  long  interrals  of  time,  and  with 
unisexual  animals  inhabiting  somewhat  separated  localities, 
which  can  only  oocasionally  come  into  contact  and  pair,  the 
greater  vigour  and  fertility  of  the  crossed  offspring  will 
ultimately  tend  to  give  uniformity  of  character.  But  when 
we  go  beyond  the  limits  of  the  same  species,  free  intercixMsing 
is  barred  by  the  law  of  sterility. 

In  seardiing  for  .  facts  •  which  might  throw  light  on  the 
cause  of  the  good  effects  from  crossing,  and  of.  the  evil  effects 
from  dose  interbreeding,  we  have  seen  that,  on  the  one  hand, 
it  is  a  widely  prevalent  and  ancient  belief,  that  animals  and 
plants  profit  from  slight  changes  in  their  condition  of  life ; 
and  it  would  appear  that  the  germ,  in  a  somewhat  analogous 
manner,  is  more  effectually  stimulated  by  the  male  element, 
when  taken  from  a  distinct  individual,  and  therefore  slightly 
modified  in  nature,  than  when  taken  from  a  male  having  the 
same  identical  constitution.  On  the  other  hand,  numerous 
facts  have  been  given,  showing  that  when  animals  are  first 
subjected  to  captivity,  6ven  in  their  native  land,  and  although 
allowed  much  liberty,  their  reproductive  functions  are  often 
greatly  impaired  or  quite  annulled.  Some  groups  of  animals 
are  more  affected  than  others,  but  with  apparently  capricious 
exceptions  in  every  group.  Some  animals  never  or  rarely 
oouple  under  confinement;  some  couple  freely,  but  never  or 
rarely  conceive.  The  secondary  male  characters,  the  maternal 
functions  and  instincts,  are  oocasionally  affected.'  With 
plants,  when  first  subjected  to  cultivation,  analogous  facts 
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have  been  observed.  We  probably  owe  our  doable  flowers, 
rich  seedless  fruits,  and  in  some  cases  greatly  developed 
tnbeTSy  &c.,  to  incipient  sterility  of  the  above  nature  combined 
with  a  copious  supply  of  nutriment.  Animals  which  have 
long  been  domesticated,  and  plants  which  have  long  been 
cultivated,  con  generally  withstand,  with  unimpaired  fertility, 
great  changes  in  their  conditions  of  life;  though  both  are 
sometimes  slightly  affected.  With  animals  -  the  somewhat 
rare  capacity  of  breeding  freely  under  confinement,  together 
with  their  utility,  mainly  determine  the  kinds  which  have 
been  domesticated. 

We  can  in  no  case  precisely  say  what  is  the  cause-  of  the 
diminished,  fertility  of  an  animal  when  first  captured,  or  of  a 
plant  when  first  cultivated ;  we  can  only  infer  that  it  is  caused 
by  a  change  of  some  kind  in  the  natural  conditions  of  life. 
The  remarkable  susceptibility  of  the  reproductive  system  to 
such '  changes,--a  susceptibility  not  common  to  any  other 
organ, — apparently  has  an  important  bearing  on  Variability, 
as  we  shall  see  in  a  future  chapter.  r;  '    -     - 

It  is  impossible  not  to  be  struck  with  the  double  parallelism 
between  the  two  classes  of  facts  just  alluded  to.  On  the  one 
hand,  slight  changes  in  the  conditions  of  life»  and  crosses 
between  slightly  modified  forms  or  varieties,  are  beneficial  as 
far  as  prolifioness  and  constitutional  vigour  are  concerned. 
On  the  other  hand,  changes  in  the  conditions  greater  in  degree, 
or  of  a  different  nature,  and  crosses  between  forms  which 
have  been  slowly  and  greatly  modified  by  natural  means,— 
in  other  words,  between  spedee, — are  highly  injurious,  as  far 
as  the  reproductive  system  is  concerned,  and  in  some  few 
instances  as  far  as  constitutional  vigour  is  concerned.  Can 
this  parallelism  be  accidental?  Does  it  not  rather  indicate 
some  real  bond  of  connection  ?  As  a  fire  goes  out  unless 
it  be  stirred  up,  so  the  vital  forces  are  always  tending, 
aooording  to  Mr.  Herbert  Spencer,  to  a  state  of  equilibrium, 
unless  disturbed  and  renovated  through  the  action  of  other 
forces.  '    '. 

In  some  few  cases  varieties  tend  to  keep  distinct,  by  breed* 
ing  at  different  seasons,  by  great  difference  in  size,  or  by 
sexual  preference.     But  the  crossing  of  varieties,  &t  from 
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.diminishing,  generally  adds  to  the  fertility  of  the  first 
anion  and  of  the  mongrel  ofispring.  Whether  all  the  more 
widely  distinct  domestic  Yarieties  are  invariably  qaite  fertile 
when  crossed,  we  do  not  positively  know;  mnoh  time  and 
trouble  would  be  reqnisite  for  the  necessary  experiments,  and 
many  difficulties  occur,  such  as  the  descent  of  the  various 
races  from  abonginally  distinct  species,  and  the  doubts 
whether  certain  forms  ought  to  be  ranked  as  species  or 
varieties.  Nevertheless,  the  wide  experience  of  practical 
breeders  proves  that  the  great  majority  of  varieties,  even  if 
some  should  hereafter  prove  not  to  be  indefinitely  fertile 
infer  M,  are  far  more  fertile  when  crossed,  than  the  vast 
majority  of  closely  allied  natural  species.  A  few  remarkable 
cases  have,  however,  been  given  on  the  authority  of  excellent 
observers,  showing  that  with  plants  certain  forms,  which  un- 
doubtedly must  be  ranked  as  varieties,  yield  fewer  seeds  when 
crossed  than  is  natural  to  the  parent-species.  Other  varieties 
have  had  their  reproductive  powers  so  far  modified  that  they 
are  either  more  or  less  fertile  than  their  parents,  when  crossed 
with  a  distinct  species. 

Nevertheless,  the  fact  remains  indisputable  that  domesti* 
cated  varieties,  of  animals  and  of  plants,  which  differ  greatly 
from  one  another  in  structure,  but  which  are  certainly 
descended  from  the  same  aboriginal  species,  such  as  the  races 
of  the  fowl,  pigeon,  many  vegetables,  and  a  host  of  other 
productions,  are  extremely  fertile  when  crossed;  and  this 
seems  to  make  a  broad  and  impassable  barrier  between 
domestic  varieties  and  natural  species.  But,  as  I  will  now 
attempt  to  show,  the  distinction  is  not  so  great  and  over- 
whelmingly important  as  it  at  first  appears. 

On  the  Difference  in  FerlilUi/  between  Varieties  and  Species  when 

crossed. 

This  work  is  not  the  proper  place  for  fully  treating  the 
subject  of  hybridism,  and  I  have  already  given  in  my '  Origin 
of  Species '  a  moderately  full  abstract.  I  will  here  merely 
enumerate  the  general  conclusions  which  may  be  relied  on, 
and  which  bear  on  our  present  point. 
I  Firsihf,  tha  laws  governing  the  production  of  hybrids  ara* 
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identical,  or  nearly  identical,  in  the  animal  and  vegetable 
kingdoms. 

Secondly,  the  sterility  of  distinct  species  when  first  united, 
and  that  of  their  hybrid  ofGspring,  graduate,  by  an  almost 
infinite  number  of  steps,  from  zero,  when  the  ovule  is  never 
impregnated  and  a  soed-oapeule  is  never  formed,  up  to  oom- 
plete  fertility.  We  can  only  escape  the  conclusion  that  some 
species  are  fully  fertile  when  crossed,  by  determining  to 
designate  as  varieties  all  the  forms  which  are  quite  fertile. 
This  high  degree  of  fertility  is,  however,  rare.  Nevertheless, 
plants,  which  have  been  exposed  to  unnatural  conditions^ 
sometimes  become  modified  in  so  peculiar  a  manner,  that  they 
are  much  more  fertile  when  crossed  with  a  distinct  species  than 
when  fertilised  by  their  own  pollen.  Snccoss  in  efifecting  a 
first  union  between  two  species,  and  the  fertility  of  their 
hybrids,  depend  in  an  eminent  degree  on  the  conditions  of 
life  being  &vourable.  The  innate  sterility  of  hybrids  Of  the 
same  parentage  and  raised  from  the  same  seed-oapsule  often 
differs  much  in  degree. 

Tldrdly^  the  degree  of  sterility  of  a  first  cross  between  two 
species  does  not  always  run  strictly  parallel  with  that  of  their 
hybrid  offspring.  Many  cases  are  known  of  species  which 
can  be  crossed  with  ease,  but  yield  hybrids  excessively 
sterile;  and  conversely  some  which  can  be  crossed  with 
great  difficulty,  but  produce  fairly  fertile  hybrids.  This  is 
an  inexplicable  fact,  on  the  view  that  species  have  been 
specially  endowed  with  mutual  sterility  in  order  to  ^eep 
them  distinct. 

FourOdy,  the  degree  of  sterility  often  differs  greatly  in  two 
species  when  reciprocally  crossed ;  for  the  first  will  readily 
fertilise  the  second ;  but  the  latter  is  incapable,  after  hundreds 
of  trials,  of  fertilising  the  former.  Hybrids  produced  from 
reciprocal  crosses  between  the  same  two  species  likewise 
sometimes  differ  in  their  degree  of  storility.  These  cases 
also  are  utterly  inexplicable  on  the  view  of  sterility  being  a 
special  endowment. 

Fi/My^  the  degree  of  sterility  of  first  crosses  and  of  hybrids 
runs,  to  a  certain  extent,  parallel  with  the  general  or  system- 
atic  affinity  of  the  forms  which  are  united.    For  species  be* 
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longing  to  distinot  genera  oan  rarelj,  and  thoee  belonging 
to  distinct  families  can  never,  be  crossed.  The  parallelism, 
however,  is  far.  from  complete;  for  a  multitude  of  dosely 
allied  species  will  not  unite,  or  nnite  with  extreme  difficulty, 
whilst  other  species,  widely  dififerent  from  one  another,  can 
be  crossed  with  perfect  &cility.  .  Nor  does  the  difficulty 
depend  on  ordinary  constitutional  differences,  for  annual  and 
perennial  plants,  deciduous  and  evergreen  trees^  plants 
flowering  at  different  seasons,  inhabiting  different  stations, 
and. naturally  living  under  the  most  opposite  climates,  can 
often  be  crossed  with  ease.  The  difficulty  or  facility  ap- 
parently, depends  exclusively  on  the  sexual  constitution  of 
the  species  which  are  crossed;  or  on  their  sexual  elective 
affinity,  ue,  WahlverwandlBohaft  of  Gartner.  As  species  rarely 
or  never  become  modified  in  one  character,  without  being  at 
the  same  time  modified  in  many  characters,  and  as  systematic 
iiffinity  includes  all  visible  similarities  and.  dissimilarities, 
any  difference  in  sexual  constitution  between  two  species 
would  naturally  stand  in  more  or  loss  close  relation  with  their 
systematic  position.  ;       <   •. 

SiaUMy,  the  sterility  of  species  when  fir^t  crossed,  and  that 
of  hybrids,  may  possibly  depend  to  a  certain  extent  on  distinct 
causes.  With  pure  species  the  reproductive  organs  are  in  a 
perfect  condition,  whilst  with  hybrids  they  are  often  plainly 
deteriorated.  A  hybrid  embryo  which  partakes .  of  .the  con- 
stitution of  its  father  and  mother  is  exposed  to  unnatural 
conditions,  as  long  as  it  is  nourished  within  the  womb,  or 
eggi  or  seed  of  the  mother-form ;  and  as  we  know  that 
unnatural  conditions  often  induce  sterility,  the  reproductive 
organs  of  the  hybrid  might  at  this  early  age  be  permanently 
affected.  But  this  cause  has  no  bearing  on  the  infertility  of 
first  unions,  llie  diminished  number  of  the  ofikpring  from 
firat  unions  may  often  result,  as  is  certainly  sometimes  the 
case,  from  the  premature  death  of  most  of  the  hybrid  embryos. 
But  we  shall  immediately  Ree  that  a  law  of  an  unknown 
nature  apparently  exists,  which  leads  to  the  offispring  from 
unions,  which  ore  infertile,  being  themselves  more  or  less 
Infertile ;  and  this  at  present  is  all  that  can  be  said.  ■ 
.  SiiMniMy,  hybrids  and  mongrels  present,  with  the  one  great 
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ezoeptioxi  of  fertility,  the  most  ijtriking  Aooordanee  in  all  othei 
respects ;  namelj,  in  the  laws  of  their  resemblanoe  to  their 
two  parents,  in  their  tendency  toTeyersion,  in  their  Taria^ 
bilitj,  and  iin  being  absorbed  through  repeated  crosses  hj 
either -parent-form. 

After  arriving  at  these  oonolnsions,  I  was  led  to  investigate 
a  subject  which  throws  ooniBiderable  light  on  hybridism, 
namely,  the  '  fertility  . '  of  heterostyled  or  *  dimorphic  and 
trimorphio  plants,  when 'illegitimately  united.  I  have  had 
occasion  several  times  to  allude  to  these  plants,'ahd  I'may 
here  give  a  brief  abstract  of  my  observations.  Several  plants 
belonging  to  distinct  orders'  present  two  forms,  which  exist 
in  about  equal  numbers,  and  which  differ'  in  no  respect  except 
in'  their  reproductive  organs ;  one  form  having  a  long  pistil 
with  short  stamens,  the  other  a  short '  pistil  with  long 
stamens;  bbth  with  differently  sized  poUen-grains.  With 
trimorphio  plants  there  are  three  forms  likewise  differing  in 
the  lengths  of  their  pistils  and  stamens,  in  the  size  and  colour 
of  the  pollen-grains,  and  in  some  other  respects ;  and  a6  in 
each  of  the  three  forms  there  are  two  sets  of  stamens,  there 
are  altogether  six  sets  of  stamens  and  three  kinds  of  pistils. 
These  organs  are  so  proportioned  in  length  to  one  another 
that,  in  any  two  of  the  forms,  half  the  stamens  in  eadi  stand 
on  a  level  with  the  stigma  of  the  third  form.  Now  I  have 
shown,  and  the  result  has  been  confirmed  by  other  observers, 
that,  in  order  to  obtain  full  fertility  with  these  plants,  it  is 
necessary'  that  the  stigma  of  the  one  form  should  be  fertilised 
by  pollen  taken  from  the  stamens  of  corresponding  height  in 
the  other  form.  So  that  with  dimorphic  species  two  unions, 
which  may  be  called  legitimate,  are  fully  fertile,  and  two, 
which  may  be  called  illegitimate,  are  more  or  less  infertile. 
With  trimorphio  species  six  unions  are  legitimate,  or  fully 
fertile,  and  twelve  are  illegitimate,  or  more  or  less  infertile.'  ' 

'  The  infertility  which  may  be  observed  in  various  dimorphic 

•      «  1  ,  .    I       ,  ,    .-I 
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and  trimofphio  plants,  when  illegitimately  fertilised,  that  is, 
by  pollen  taken  fix>m  BtameDS  not  corresponding  in  height 
with  the  pistil,  differs  much  in  degree,  np  to  absolute  and 
ntter  sterility ;  just  in  the  same  manner  as  occnrs  in  crossing 
distinct  species.  As  the  degree  of  sterility  in  the  latter  case 
depends  in  an  eminent  degree  on  the  conditions  of  life  being 
more  or  less  fayonrable,  so  I  have  found  it  with  illegitimate 
unions.  It  is  well  known  that  if  pollen  of  a  distinct  species 
be  placed  on  the  stigma  of  a  flower,  and  its  own  pidlen  be 
afterwards,  even  after  a  considerable  interral  of  time,  placed 
on  the  same  stigma,  its  action  is  so  strongly  prepotent  that  it 
generally  annihilates  the  effect  of  the  foreign  pollen;  so  it  is 
with  the  pollen  of  the  seyeral  forms  of  the  same  species,  for 
legitimate  pollen  is  strongly  prepotent  over  illegitimate 
pollen,  when  both  are  placed  on  the  same  stigma.  I  ascer- 
tained this  by  fertilising  several  flowers,  flrst  illegitimately, 
and  twenty-four  hours  afterwards  legitimately,  with  pollen 
taken  from  a  peculiarly  coloured  yariety,  and  all  the  seedlings 
were  similarly  coloured;  this  shows  that  the  legitimate 
pollen,  though  applied  twenty-four  hours  subsequently,  had 
wholly  destroyed  or  prevented  the  action  of  the  previously 
applied  illegitimate  pollen.  Again,  as,  in  making  reciprocal 
crosses  between  the  same  two  species,  there  is  occasionally  a 
great  difference  in  the  result,  so  the  same  thing  occurs  with 
trimorphio  plants;  for  instance,  the  mid-styled  form  of 
Lyihrum  ddlicaria  could  be  illegitimately  fertilised  with  the 
greatest  ease  by  pollen  from  the  longer  stamens  of  the  short- 
styled  form,  and  yielded  many  seeds ;  but  the  short-styled  form 
did  not  yield  a  single  seed  when  fertilised  by  the  longer 
stamens  of  the  mid-styled  form. 

In  all  these  respects  the  forms  of  the  same  undoubted 
species,  when  illegitimately  united,  behave  in  exactly  the 
same  manner  as  do  two  distinct  spedcs  when  crossed.  This 
led  me  carefully  to  observe  during  four  years  many  seedlings, 
raised  from  several  illegitimate  unions,  llie  chief  result  is 
that  these  illegitimate  plants,  as  they  may  be  called,  are  not 
fully  fertile.  It  is  possible  to  raise  from  dimorphic  species, 
both  long-styled  and  short-styled  illegitimate  plants,  and 
from  trimorphic  plants  all  three  illegitimate  forms.     These 


ChAi».  XIX.  HYBUIDI8M.  167 

can  then  be  properly  united  in  a  legitimate  manner.  When 
this  is  done,  there  is  no  apparent  reason  why  they  should 
not  yield  as  many  seeds  as  did  their  parents  when  legiti- 
mately fertilised.  But  such  is  not  the  case;  they  are  all 
infertile,  but  in  various  degrees ;  some  being  so  utterly  and 
incurably  sterile  that  they  did  not  yield  during  four  seasons 
a  single  seed  or  even  soed-oapsule.  These  illegitimate  plants, 
which  are  so  sterile,  although  united  with  each  other  in  a 
legitimate  manner,  may  be  strictly  compared  with  hybrids 
when  crossed  inter  te,  and  it  is  well  known  how  sterile  these 
latter  generally  are.  When,  on  the  other  hand,  a  hybrid  is 
crossed  with  either  pure  parent-species,  the  sterility  is  usually 
much  lessened :  and  so  it  is  when  an  illegitimate  plant  is 
fertilised  by  a  legitimate  plant.  In  the  same  manner  as  the 
sterility  of  hybrids  does  not  always  run  parallel  with  the 
difficulty  of  making  the  first  cross  between  the  two  parent- 
species,  so  the  sterility  of  certain  illegitimate  plants  was 
unusually  great,  whilst  the  sterility  of  the  union  from  which 
they  were  derived  was  by  no  means  great.  With  hybrids 
raised  from  the  same  seed-capsule  the  degree  of  sterUity  is 
innately  variable,  so  it  is  in  a  marked  manner  with  illegiti- 
mate plants.  Lastly,  many  hybrids  are  profuse  and  persistent 
fiowerers,  whilst  other  and  more  sterile  hybrids  produce  few 
flowers,  and  are  weak,  miserable  dwarfs;  exactly  similar 
cases  occur  with  the  illegitimate  ofGspring  of  various  dimorphic 
and  trimorphio  plants. 

Although  there  is  the  closest  identity  in  character  and 
behaviour  between  illegitimate  plants  and  hybrids,  it  is 
hardly  an  exaggeration  to  maintain  that  the  former  are 
hybrids,  but  produced  within  the  limits  of  the  same  species 
by  the  improper  union  of  certain  forms,  whilst  ordinary 
hybrids  are  produced  from  an  improper  union  between  so- 
csdled  distinct  species.  We  have  already  seen  that  there  is 
Uie  closest  similarity  in  all  respects  between  first  illegitimate 
unions,  and  first  crosses  between  distinct  species.  This  will 
perhaps  be  made  more  fully  apparent  by  an  illustration  :  we 
may  suppose  that  a  botanist  found  two  well-marked  varieties 
(and  sudi  occur)  of  the  long-styled  form  of  the  trimorphio 
Lythrum  mdiearia^  and  that  he  determined  to  try  by  crossing 
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whether  they  were  specifically  diatinot.  He  would  find  that 
they  yielded  only  about  one-fifth  of  the  proper  number  of 
seed,  and  thai  theybehayed  in  all  the  other  aboTO-specified 
respects  as  if  they  had  been  two  distinct  species.  But  to 
make,  the  case  sure,  he  would  raise  plants  from  his  supposed 
hj'bridised  seed;  and-  he  would  find  that  the  seedlings  were 
miserably  dwarfed  and  utterly  sterile,  and  that  they  behaved 
in  all  other  respects  like  ordinary  hybrids.  He  might  then 
maintain  that  he  had  actually  proved,  in  accordance  with  the 
common  view,  that  his  two  varieties  were  as  good  and  as 
distinct  species  as  any  in  the  world ;  but  he  would  be  com** 
pletely  mistaken. 

The  facts  now  given  on  dimorphic  and  trimorphic-  plants 
are  important,  because^  they  show  us,  first,  that  the  physio- 
logical test  of  lessened  fertility,  both  in  first  crosses  and  in 
hybiids,  is  no <  criterion  of  specific  distinction;  secondly, 
because  we  may  conclude  that  there  is  some  unknown  bond 
which  connects  the  infertility  of  illegitimate  unions  with  that 
of  their  illegitimate  offspring,  and  we  are  led  to  extend  the 
same  view  to  first  crosses  and  hybrids ;  thirdly,  because  we 
find,  and  this  seems  to  me  of  especial  importance,  that  two  or 
three  forms  of  the  same  species  may  exist  and  may  differ  in  no 
respect  whatever,  either  in.  structure  or  in.  constitution, 
relatively  to  external  conditions,  and  yet  be  sterile  when 
united  in  certain  ways.  For  we  must  remember  that  it  is 
the  union  of  the  sexual  elements  of  individuals  of  the  same 
form,  for  instance,  of  two  long-styled  forms,  which  results  in 
sterility ;  whilst  it  is  the  union  of  the  sexual  element  proper 
to  two  distinct  forms  which  is  fertile.  Hence  the  case  appears 
at  first  sight  exactly  the  .reverse,  of  what  occurs  in  the 
ordinary  unions  of  the  individuals  of  the  same  species,  and 
with  crosses  between  distinct  species.  It  is^  however,  duubt- 
ful  whether  this  is  really  so ;  but  I  will  not  enlarge  on  this 
obscure  subject. 

;  We  may,  however,  infer  as  probable  from  the  consideration 
of  dimorphic  and  trimoi-phio  plants,  that  the  sterility  of  dis- 
tinct species  when  crossed,  and  of  their  hybrid  progeny, 
depends  exclusively  on  the  nature  of  their  sexual  elements, 
and  not  on  any  difference  in  their  sti-ucture  or  general  con- 
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Btitution.  We  are  Mao  led  to  this  same  oonoliiBion  by  con- 
sidering reciprocal  crosses,  in  which  the  male  of  one  speoios 
cannot  be  united,  or  only  with  great  difficulty,  with  the 
female  of  a  second  species,  whilst  the  converse  cross  can  be 
effected  with  perfect  facility.  That  excellent  observer,  G&rtner, 
likewise  conclnded  that  species  when  crossed  are  sterile  owing 
to  differences  confined  to  their  reproductive  systems. 

'  ''    ■        .  •      • 

On  the  principle  which  makes  it  necessary  for  man,  whilst 
he  is  selecting  and  improving  his  domestic  varieties,  to  keep 
them  separate,  it  would  clearly  be  advantageous  to  varieties 
in  a  state  of  nature,  that  is  to  incipient  species,  if  they*  could 
be  kept  from  blending,  either  through  sexual  aversion,  or  by 
becoming  mutually  st-erile.  Hence  it  at  one  time  appeared  to 
me  probable,  as  it  has  to  others,  that  this  sterility  might  have 
been  acquired  through  natural  selection.  On  this  view  we 
must  suppose  that  a  shade  of  lessened  fertility  first  spon- 
taneously appeared,  like  any  other  modification,  in  oeritain 
individuals  of  a  species  when  crossed  with  other  individuals 
of  the  same  species;  and  that  successive  slight  degrees  of 
infertility,  from  being  advantageous,  were  slowly  accumulated. 
This  appears  all  the  more  probable,  if  we  admit  that  the 
structural  differences  between  the  forms  of  dimorphic,  and 
trimorphio  plants,  as  the 'length  and  curvature  of  the  pistil, 
&c.,  have  been  co-adapted  through  natural  selection ;  for  if 
this  be  admitted,  we  can  hardly  avoid'  extending  the  same 
conclusion  to  their  mutual  infertility.  Sterility,  moreover,  ha^ 
been  acquired  through  natural  selection  for  other  and  widely 
different  purposes,  as  with  neuter  insects  in  reference  to  their 
social  economy.  In  the  case  of  plants,  the  flowers  on  the 
circumference  of  the  truss  in  the  guelder-rose  (^V&umum 
opuhu)  and  those  on  the  summit  of  the  spike  in  the  feather- 
hyacintH  {MuBGoari  eomMum)  have  been  rendered  conspicuous, 
and  apparently  in  consequence  sterile,- in  order  that. insects 
might  easily  discover  and  visit  the  perfect  flowers.  But 
when  we  endeavour  to  apply  the. principle  of  natural  selection 
to  the  acquirement  by  distinct  species  of  mutual  sterility,  we 
meet  with  great  difficulties.  In  the  first  place,  it  may>b6 
remarked  that  separate  regions  are  often  inhabited  by  groups 
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• 
of  species  or  by  single  species,  which  when  brought  together 
and  crossed  are  found  to  be  more  or  less  sterile ;  now  it  conld 
dearly  have  been  no  advantage  to  such  separated  species  to 
have  been  rendered  mutually  sterile,  and  consequently  this 
could  not  have  been  effected  through  natural  selection ;  but 
it  may  perhaps  be  argued,  that,  if  a  species  were  rendered 
sterile  with  some  one  compatriot,  sterility  with  other  species 
would  follow  as  a  necessary  consequence.  In  the  second 
place,  it  is  as  much  opposed  to  the  theory  of  natural  selection, 
as  to  the  theory  of  special  creation,  that  in  reciprocal  crosses 
the  male  element  of  one  form  should  have  been  rendered 
utterly  impotent  on  a  second  form,  whilst  at  the  same  time 
the  male  element  of  this  second  form  is  enabled  freely  to 
fertilise  the  first  form ;  for  this  peculiar  state  of  the  repro- 
ductive system  could  not  possibly  have  been  advantageous 
to  either  species. 

In  considering  the  probability  of  natural  selection  having 
come  into  action  in  rendering  species  mutually  sterile,  one 
of  the  greatest  difficulties  will  be  found  to  lie  in  the  existence 
of  many  graduated  steps  firom  slightly  lessened  fertility  to 
absolute  sterility.  It  may  be  admitted,  on  the  principle 
above  explained,  that  it  would  profit  an  incipient  species  if  it 
were  rendered  in  some  slight  degree  stenle  when  crossed  with 
its  parent-form  or  with  some  other  variety ;  for  thus  fewer 
bastardised  and  deteriorated  offspring  woidd  be  produced  to 
commingle  their  blood  with  the  new  species  in  process  of 
formation.  But  he  who  will  take  the  trouble  to  reflect  on  the 
steps  by  which  this  first  degree  of  sterility  could  be  increased 
through  natural  selection  to  that  higher  degree  which  is 
common  to  so  many  species,  and  which  is  universal  with 
species  which  have  been  differentiated  to  a  generic  or  family 
rank,  will  find  the  subject  extraordinarily  complex.  After 
mature  reflection  it  seems  to  me  that  this  could  not  have  been 
effected  through  natural  selection.  Take  the  case  of  any  two 
species  which,  when  crossed,  produce  few  and  sterile  offspring ; 
now,  what  is  there  which  could  favour  the  survival  of  those 
individuals  which  happened  to  be  endowed  in  a  slightly 
higher  degree  with  mutual  infertility,  and  which  thus 
approached  by  one  small  step  towards  absolute  sterility^ 
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Yet  an  advance  of  this  kind,  if  the  theoiy  of  natural  selection 
be  brought  to  boar,  mnst  have  incessantly  oooorred  with 
many  species,  for  a  multitude  are  mutually  quite  barren. 
With  sterile  neuter  insects  we  have  reason  to  believe  that 
modifications  in  their  structure  and  fertility  have  been  slowly 
accumulated  by  natural  selection,  from  an  advantage  having 
been  thus  indirectly  given  to  the  community  to  which  they 
belonged  over  other  communities  of  the  same  species ;  but  an 
individual  animal  not  belonging  to  a  social  community,  if 
rendered  slightly  sterile  when  crossed  with  some  other  variety, 
would  not  thus  itself  gain  any  advantage  or  indirectly  give 
any  advantage  to  the  other  individuals  of  the  same  variety, 
thus  leading  to  their  preservation. 

But  it  would  be  superfluous  to  discuss  this  question  in 
detail ;  for  with  plants  we  have  conclusive  evidence  that  the 
sterility  of  crossed  species  must  be  due  to  some  prinoiple,- 
qiiite  independent  of  natural  .selection.  Both  Oartner  and 
Kolreuter  have  proved  that  in  general  including  numerous 
species,  a  series  can  be  formed  from  species  which  when  crossed 
yield  fewer  and  fewer  seeds,  to  species  which  never  produce  a 
single  seed,  but  yet  are  affected  by  the  pollen  of  certain  other 
species,  for  the  germen  swells.  It  is  here  manifestly  im* 
possible  to  select  the  more  sterile  individuals,  which  have 
already  ceased  to  yield  seeds ;  so  that  this  acme  of  sterility, 
when  the  germen  alone  is  affected,  cannot  have  been  gained 
through  selection ;  and  from  the  laws  governing  the  various 
grades  of  sterility  being  so  uniform  throughout  the  animal 
and  vegetable  kingdoms,  we  may  infer  that  the  cause,  what- 
ever it  may  be,  is  the  same  or  nearly  the  same  in  all  cases. 

As  species  have  not  been  rendered  mutually  infertile' 
through  the  accumulative  action  of  natural  selection,  and  as 
we  may  safely  conclude,  from  the  previous  as  well  as  from 
other  and  more  general  considerations,  that  they  have  not 
been  endowed  through  an  act  of  creation  with  tins  quality, 
we  must  infer  that  it  has  arisen  incidentally  during  their  slow 
formation  in  connection  with  other  and.  unknown  changes  in 
their  organisation.  By  a  quality  arising  incidentally,  I  refer 
to  such  cases  as  different  species  of  animals  and  plants  being 
diffifirently  affected  by  poisons  to  which  they  are  not  naturally 
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dzpoeed ;  and  this  difference  in  suaoeptibilitj  ifl  dearly  in- 
cidental on  other  and  unknown  differences  in  their  organiaa- 
tion.  So  again  the  capacity  in  different  kinds  of  trees  to  be 
grafted  on  each  other,  or  on  a  third  species,  differs  much,  and 
]&  of  no  advantage,  to  these  trees,  but  is  incidental  on  struct 
tural  or  functional  differences  in  their  woody  tissues.  AVe 
need  not  feel>  surprise  at  sterility  incidentally  resulting  from 
crosses  between  distinct  species,-r-the  modified  descendants  of 
tt  common  progenitor,->-when  we  bear  in  mind  how  easily  the 
reproductiye  system  is  affected  by  various :  cause»-<-often  by 
extremely  slight  changes  in  the  conditions  of  life,  by  too  close 
interbreeding,  and  by  other  agencies.  It  is  well  to  bear  in 
mind  such  cases  as  that  of  the  PtuB^flora  o^oto,  which  re- 
covered its  self-fertility  from  being  grafted  on  a  distinct 
species— the  cases  of  plants,  which  normally  or  abnormally 
are  self-impotent,  but  can  readily  be  fertilised  by  the  pollen 
of  a  distinct  species — and  lasUy  the  cases  of  individual 
domesticated  animals  which  evince. towards  each  other  sexual 
incompatibility.      •  >  :     *•  ^     t       f 

.  We  nowat'last'come  to  the  immediate  point  under  dis- 
cussion :  how  is  it  that,  with  some  few  exceptions  in  the  case 
of  plants,  domesticated  varieties^  such  as  those  of  the  dog,  fowl, 
pigeon,  several  fruit-trees,  and  culinary  vegetables,  whidL  differ 
from  each  other  in*,  external  characters  more  than  many  spedes, 
are  perfectiy  fertile  when. crossed,  or  even  fertile  in  excess, 
whilst. dosely  allied •  spedes  are  almost  invariably  in  some 
degree  sterile?  We^can,  to  a  certain  extent,  give  a  satisfac- 
tory answer  to  this  question.  -Fasdng  over  the  fact  that  the 
amount  of  external  difference  between  two  spedes  is  no  sure 
guide  to  their,  degree  of  mutual  sterility,  so  that  dmilar  differ^ 
enoes  in  the  case  of  varieties  would  be  no  sure  guide,  we  know 
that  with  species  the  cause  lies  excludvely  in  differences  in 
their  sexual  constitution.  Now  the  conditions  to  which 
domesticated  animals  and^cultivated  plants  have  been  sub- 
jected have:  had  so  little  tendency  towards  modifying  the 
reproductive  system  in  a*  manner  leading  to  mutual  sterility, 
that  we  have  very  g^ood  grounds  for  admitting  the  directly 
oppodte  doctrine  of  Pallas,  namdy,  that  such  conditicus 
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generally  eliminate  this  tendency;  so  that  tEe  domestioated 
descendante  of  species,  wliich  in  their  natural  state  would 
have  been  in  some  degree  sterile  when  crossed,  become 
perfectly  fertile  together.  With  plants,  so  far  is  cultivation 
from  giving  a  tendency  towards  mutual  sterility,  that  in 
Bovoral  woll-authonticated  oases,  already  often  alluded  to, 
certain  species  have  been  affected  in  a  very  different  manner, 
for  they  have  become  self-impot-ent,  whilst  still  retaining  the 
capacity  of  fertilising,  and  being  fertilised  by,  distinct  species. 
If  the  Fallasian  doctrine' of  the  elimination  of  sterility  through 
long-continued  domestication  be  admitted,  and  it  can  hardly 
be  rejected,  it  becomes  in  the  highest  degree  improbable  that 
similar  circumstances  should  commonly  both  induce  and 
eliminate  the  same  tendency ;  though  >  in  certain  cases,  with 
species  having  a  peculiar  constitution,  sterility  might  occa- 
sionally be  thus  induced.  Thus,  as  I  believe,  we  can  under- 
stand why  with  domesticated  animals  varieties  have  not  boon 
produced  which  are  mutually  sterile;  and  "Why  with  plants 
only  a  few  such  cases  have  been  observed,  namely,  by  Qartner, 
with  certain  varieties  of  maize  and  verbascum,  by  other  ex- 
perimentalists with  varieties  of  the  gourd  and  melon,  and  by 
Kolreuter  with  one  kind  of  tobacco. 

With  respect  to  varieties  which  have  originated  in  a  btate 
of  nature,  it  is  almost  hopeless  to  expect  to  prove  by  direct 
evidence  that  they  have  been  rendered  mutually  sterile-;  for  if 
even  a  trace  of  sterility  could  be  detected,  such  varieties  would 
at  once  be  raised  by  almost  every  naturalist  to  the  rank  of 
distinct  species.  If^  for  instance,  Gartner's  statement  were 
fully  confirmed,  that  the  blue  and  rod  flowered  forms  of  the 
pimpernel  (AnagalliB  arvenaia)  are  sterile  when  crossed,  I  pre- 
sume that  all  the  botanists  who  now  maintain  on  various 
grounds  that  these  two  forms  are  merely  fleeting  varieties, 
would  at  once  admit  that  they  were  specifically  distinct. 

The  real  difficulty  in  our  present  subject  is  not,  as  it  appears 
to  me,  why  domestic  varieties  have  not  become  mutually  in- 
fertile when  crossed,  but  why  this  has  so  generally  occurred 
with  natural  varieties  as  soon  as  they  have  been  modified  in  a 
sufficient  and  permanent  degree  to  take  rank  as  species.  •  We 
are  fiir  from  precisely  knowing  the  cause; .  but  we  oan  see 
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that  fbe  speoieB,  owing  to  their  straggle  for  ezitttence  with 
numorous  oompetitors,  must  have  been  exposed  to  more  uni- 
form conditions  of  life  daring  long  periods  of  time  than 
domestio  yarieties  have  been,  and  this  may  well  make  a 
wide  differenoe  in  the  resalt.  For  we  know  how  commonly 
wild  animals  and  plants,  when  taken  from  their  natnral 
conditions  and  subjected  to  captivity,  are  rendered  sterile ; 
and  the  reproductive  functions  of  organic  beings  which  have 
always  lived  and  been  slowly  modified  under  natural  con 
ditions  would  probably  in  like  manner  be  eminently  sensitive 
to  the  influence  of  an  unnatural  cross.  Domesticated  pro- 
ductions, on  the  other  hand,  which,  as  shown  by  the  mere  fact 
of  their  domestication,  were  not  originally  highly  seusitivo 
to  changes  in  their  conditions  of  life,  and  which  can  now 
generally  resist  with  undiminished  fertility  repeated  changes 
of  conditions,  might  be  expected  to  produce  varieties,  which 
would  be  little  liable  to  have  their  reproductive  powers  inju- 
riously affected  by  the  act  of  crossing  with  other  varieties 
which  had  originated  in  a  like  manner. 

Oertain  naturalists  have  recently  laid  too  great  stress,  as  it 
appears  to  me,  on  the  difference  in  fertility  between  varieties 
and  species  when  crossed.  Some  allied  species  of  trees  cannot 
be  grafted  on  one  another,  whilst  all  varieties  can  be  so 
grafted.  Some  allied  animals  are  affected  in  a  very  different 
manner  by  the  same  poison,  but  with  varieties  no  such  case 
until  recently  was  known ;  whilst  now  it  has  been  proved  that 
immunity  from  certain  poisons  sometimes  stands  in  correla- 
tion with  the  colour  of  the  individuals  of  the  same  species. 
The  period  of  gestation  generally  differs  much  in  distinct 
species,  but  with  varieties  until  lately  no  such  difference  had 
been  observed.  Here  we  have  various  physiological  differences, 
and  no  doubt  others  could  be  added,  between  one  species  and 
another  of  the  same  genus,  which  do  not  occur;  or  occur  with 
extreme  rarity,  in  the  case  of  varieties ;  and  these  differences 
are  apparently  wholly  or  in  chief  part  incidental  on  other 
constitutional  differences,  just  in  the  same  manner  as  the 
sterility  of  crossed  species  is  incidental  on  differences  confined 
to  the  sexual  83nitem.  Why,  then,  should  these  latter  differ- 
ences, however  serviceable  tiiey  may  indirectljr  be  in  keeping 
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the  inliabitants  of  the  same  oonntry  distinoi,  be  thought  oi 
such  paramount  importance,  in  comparison  with  other  inci- 
dental and  functional  differences?  No  sufficient  answer  to 
this  question  can  be  given.  Hence  the  fact  that  widely 
distinct  domestic  varieties  are,  with  rare  exceptions,  perfectly 
fertile  when  crossed,  and  produce  fertile  offspring,  whilst 
closely  allied  species  are,  with  rare  exceptions,  more  or  less 
sterile,  is  not  nearly  so  formidable  an  objection  as  it  appears 
at  first  to  the  theory  of  the  common  descent  of  allied  species.' 
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'  CHAPTER  XX. 

BRUBCrriO^r  BY  MAN. 

• 

BCTJIOTn/N  A  DIFITOULT  ART— MVTRODIOAL,  lIHOQiraOIOUS,  AND  HATCRAL 
BBLBCnON— RSftULTS  OP  METHODIOAL  BKLBOnON — OARB  TAKRN  IN  BB- 
LBGTION—SRLBOnOK  WITH  FLANTS— BBLBOTION  OARRIRD  ON  DT  TlIB 
AN0IBNT8  AND  BY  SBUI-OIYIUSBD  PBOPLB— UNIMTOBTANT  OIIARAOTmtS 
OPTBN  ATTBNDBD  TO  —  UNOON80IOU8  BRLBOTION-- A8  0IR0U1I8TAN0RS 
BLOWLY  OHANOB,  BO  SAVB  OUR  DOMBBTIOATBD  ANIMALS  OHANOSD 
TUROUan  TUB  ACTION  OP  UNOONBOIOUB  BBLBOTION  —  INPLUBNOB  OP 
DIPPEBBMT  BRBKDBUB  ON  THB  BAHR  BUB-YARIBTY — ^PLANTS  AS  APPBOTBD 
BY  UNOONBOIOUB  BELBOTION— NPPBOTB  OP  BCLROTXON  AB  BROWN  BY  THB 
OBBAT  AMOUNT  OP  DIPPBRBNOB  IN  THB  PARTS  MOST  YaLUBD  BY  MAN. 

The  power  of  Selection,  whether  exercised  by  man,  or  bronght 
Into  play  under  nature  through  the  struggle  for  existence  and 
the  consequent  survival  of  the  fittest,  absolutely  depends  on 
the  variability  of  organic  beings.  Without  variability 
nothing  can  be  effected;  slight  individual  differences,  how- 
ever, suffice  for  the  work,  and  are  probably  the  chief  or  sole 
means  in  the  production  of  new  species.  Hence  our  dis- 
cussion on  the  causes  and  laws  of  variability  ought  in  strict 
order  to  have  preceded  the  present  subject,  as  well  as  inheri- 
tance, crossing,  &o.;  but  practically  the  present  arrange- 
ment has  been  found  the  most  convenient.  Man  does  not 
attempt  to  cause  variability ;  though  he  unintentionally  effects 
this  by  exposing  organisms  to  new  conditions  of  life,  and  by 
crossing  breeds  already  formed.  But  variability  being  granted, 
he  works  wonders.  Unless  some  d^ree  of  selection  be  exer- 
cised, the  free  commingling  of  the  individuals  of  the  same 
variety  soon  obliterates,  as  we  have  previously  seen,  the 
slight  differences  which  arise,  and  give^t  uniformity  of  cha- 
racter to  the  whole  .  body  of  individuals.  In  separated 
districts,  long-continued  exposure  to  different  conditions  of 
life  may  produce  new  races  without  the  aid  of  selection ;  but 
to  this  subject  of  the  direct  action  of  the  conditions  of  life 
I  shall  recur  in  a  future  chapter. 
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When  animals  or  plants  are  bom  with  some  conspioaona 
and  firmly  inherited  new  oharaoter;  selection  is  reduced  to  the 
preservation  of  such  individuals,  and  to  the  subsequent  pre^ 
vention  of  crosses ;  so  that  nothing  more  need  be  said  on  the 
subject.  But  in  the  great  majority  of  cases  a  new  character, 
or  some  superiority  in  an  old  character,  is  at  first  faintly 
pronounced,  and  is  not  strongly  inherited ;  and  then  the  full 
difficulty  of  selection  is  eiperienced.  Indomitable  patience, 
the  finest  powers  of  discrimination,  and  sound  judgment  must 
be  exercised  during  many  years.  A  clearly  predetermined 
object  must  be  kept  steadily  in  view.  Few  men  are  endowed 
with  all  these  qualities,  especially  with  that  of  discriminating 
very  slight  differences ;  judgment  can  be  acquired  only  by 
long  experience;  but  if  any  of  these  qualities  be  wanting, 
the  labour  of  a  life  may  be  thrown  away.  I  have  been 
astonished  when  celebrated  breeders,  whose  skill  and  judg^ 
ment  have  been  proved  by  their  success  at  exhibitions,  have 
shown  me  their  animals,  which  appeared  all  alike,  and  have 
assigned  their  reasons  for  matching  this  and  that  individual. 
The  importance  of  the  great  principle  of  Selection  mainly.lies 
in  this  power  of  selecting  scarcely  appreciable  differences, 
which  nevertheless  are  found  to  bo  transmissible,  and  which 
can  be  accumulated  until  the  result  is  made  manifest  to  the 
eyes  of  every  beholder. 

The  principle  of  selection  may  be  conveniently  divided  into 
three  kinds.  MelJiodiccLl  sdecUon  is  that  which  guides  a  man 
who  systematically  endeavours  to  modify  a  breed  according  to 
some  predetermined  standard.  Unconscious  selection  is  that 
which  follows  from  men  naturally  preserving  the  most  valued 
and  destroying  the  less  valued  individuals,  without  any 
thought  of  altering  the  breed ;  and  undoubtedly  this  process 
slowly  works  great  changes.  Unconscious  selection  graduates 
into  methodical,  and  only  extreme  cases  can  be  distinctly 
separated ;  for  he  who  preserves  a  useful  or  perfect  animal 
will  generally  breed  from  it  with  the  hope  of  getting  offspring 
of  the  same  character ;  but  as  long  as  he  has  not  a  prede* 
termined  purpose  to  improve  the  breed,  he  may  be  said  to  Ix) 
selecting  unconsciously.^    Lastly,  we  have  Natural  selection^ 

'  The  term  uncomeioiu  mMimi  has  been  objected  to  m  a  oootradiction , 
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which  implies  that  the  indi-vidnals  which  are  best  fitted  for 
the  complex,  and  in  the  course  of  ages  changing  conditions  to 
which  they  are  exposed,  generallj  survive  and  procreate  their 
kind.  With  domestic  productions,  natural  selection  comes  to 
a  certain  extent  into  action,  independently  of,  and  even  in 
opposition  to,  the  will  of  man. 

Methodical  Selection, — What  man  has  effected  within  recent 
times  in  England  by  methodical  selection  is  clearly  shown  by 
our  exhibitions  of  improved  quadrupeds  and  fancy  birds^ 
With  respect  to  cattle,  sheep,  and  pigs,  wo  owe  their  groat 
Improvement  to  a  long  series  of  well-known  names — Bake- 
well,  Colling,  Ellman,  Bates,  Jonas  Webb,  Lords  Leicester 
and  Western,  Fisher  Hobbs,  and  others.  Agricultural  writers 
are  unanimous  on  the  power  of  selection :  any  number  of 
statements  to  this  effect  could  be  quoted ;  a  few  will  suffice. 
Touatt,  a  sagacious  and  experienced  observer,  writes,^  the 
principle  of  selection  is  ''that  which  enables  the  agricul- 
turist, not  only  to  modify  the  character  of  his  fiock,  but  to 
change  it  altogether.'*  A  great  breeder  of  Shorthorns  '  says, 
**  Jn  the  anatomy  of  the  shoulder  modem  breeders  have  made 
''  great  improvement  on  the  Ketton  shorthorns  by  correcting 
*'  the  defect  in  the  knuckle  or  shotdder-joint,  and  by  la3ring 
"  the  top  of  the  shoulder  more  snugly  in  the  crop,  and  thereby 
filling  up  the  hollow  behind  it.  •  .  •  •  The  eye  has  its 
fashion  at  different  periods :  at  one  time  the  eye  high  and 
'*  outstanding  from  the  head,  and  at  another  time  the  sleepy 
'eye  sunk  into  the  head ;  but  these  extremes  have  merged 
'  into  the  medium  of  a  full,  dear  and  prominent  eye  with  a 
placid  look." 

Again,  hear  what  an  excellent  judge  of  pigs  ^  says :  "  The 

'  legs  should  be  no  longer  than  just  to  prevent  the  animal's 

'*  belly  from  trailing  on  the  ground.     The  leg  is  the  least 

but  aee  some  ezoeltent  observations  *  'On  Sheep,' 1838,  p.  60. 

on  this  head  by  Prof.  Huxley  (*  Nat.  *  Mr.  J.    Wright    on    Shorthorb 

Hist  RoTiew,'  Oct.  1864,  p.  578),  who  Cattle,  in  *  Jonmal  of  Royal  Agricuit 

remarks  that  when  the  wind  heaps  Soc.,'  toI.  vii.  pp.  208,  20V. 

np   sand-dnnet    it  sifts  and  wtcm-  *  H.  D.Kichardrm 'On  Pigs,' 1847, 

idotuljf  mtdoU  from  the  ffnt^*I  on  the  p.  44. 

beach  grnina  of  sand  or  equal  s|ae.' 
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"  profitable  portion  of  the  hog,  and  we  therefore  require  no 
**  more  of  it  than  is  absolntelj  necessary  for  the  support  of 
**  the  rest."  Let  any  one  compare  the  wild-boar  wi^  any 
improved  breed,  and  he  will  see  how  e£fectually  the  legs  have 
be^  shortened. 

f^ew  persons,  except  breeders,  are  aware  of  the  systeroatio 
care  taken  in  selecting  animals,  and  of  the  necessity  of  having 
a  dear  and  almost  prophetio  vision  into  futurity.  Lord 
Spencer's  skill  and  judgment  were  well  known;  and  he 
writes,*^  '*  It  is  therefore  very  desirable,  before  any  man  com- 
mences to  breed  either  cattle  or  sheep,  that  he  should  make 
up  his  mind  to  the  shape  and  qualities  he  wishes  to  obtain, 
and  steadily  pursue  this  object."  Lord  Somerville,  in 
speaking  of  the  marvellous  improvement  of  the  New  Leicester 
sheep,  effected  by  Bakewell  and  his  successors,  says,  "It 
would  seem  as  if  they  had  first  drawn  a  perfect  form,  and 
then  given  it  life."  Youatt  *  urges  the  necessity  of  annually 
drafting  each  flock,  as  many  animals  will  certainly  degenerate 
*'from  the  standard  of  excellence  which  the  breeder  has 
establiKhed  in  his  own  mind."  Even  with  a  bird  of  such 
little  importance  as  the .  canary,  long  ago  (1780-1700)  rales 
wore  ostabUshod,  and  a  standard  of  perfection  was  fixed  ac- 
cording to  which  the  London  fanciers  tried  to  breed  the 
several  sub-varieties.'  A  great  winner  of  prizes  at  the  Pigeon  - 
shows,^  in  describing  the  shoirt-faoed  Almond  Tumbler,  says. 
There  are  many  first-rate  fanciers  who  are  particularly 
"  partial  to  what  is  called  the  goldfinch-beak,  which  is  very 
beautiful ;  others  say,  take  a  full-size  round  cherry  then 
take  a  barleycorn,  and  judiciously  placini^  and  thrusting  it 
'*  into  the  cherry,  form  as  it  were  your  boik ;  and  ihat  is  not 
"  all,  for  it  will  form  a  good  head  and  beak,  provided,  as  I 
**8aid  before,  it  is  judiciously  done;  others  take  an  oat;  but 
"  as  I  think  the  goldfinch-beak  the  handsomest,  I  would  advi  e 
^  the  inexperienced  fancier  to  get  the  head  of  a  goldfinch,  and 
'*  keep  it  by  him  for  his  observation."     W(mderfully  different 

*  '  Journal  of  Royal  Agriealt.  Soo.,'       yoI.  Till.,  1835,  p.  018. 

rf.1.  i.  p.  24.  *  '  A  treatiM  on  the  Art  of  Btefd. 

'  *  On  Shoep,'  pp.  520,  819.  ing  the  Almond  Tumblor,'  1851,  p.  0. 

*  London'!  'Mag.  of  Nat.  Hiit./ 


<t 

44 
41 
14 


180  HELECTIOK.  CuAP.  XX. 

as  are  Hie  bealoi  of  the  rook  pigeon  and  goldfinch,  the  end 
has  nndoubtedlj  been  nearly  gained,  as  far  as  external  shape 
and  proportions  are  oonoerned. 

.  Not  only  should  onr  animals  be  examined  with  the  greatest 
care  whilst  alive,  but,  as  Anderson  remarks,'  their  carcases 
should  be  scrutinised,  "  so  as  to  breed  from  the  desoendants 
of  such  only  as,  in  the  language  of  the  butoher,  cut  up  well." 
The  *'  grain  of  the  meat "  in  cattle,  and  its  being  well  marbled 
with  fat,^®  and  the  greater  or  less  aocumulation  of  fat  in  the 
abdomen  of  our  sheep,  have  been  attended  to  with  success. 
So  with  poultry,  a  writer,^^  speaking  of  Cochin-China  fowls, 
which  are  said  to  differ  much  in  the  quality  of  their  fiesh, 
says,  ".  the  best  mode  is  to  purchase  two  young  brother-cocks, 
*'  kill,  dress,  and  serve  up  one ;  if  he  be  indifferent,  similarly 
'*  dispose  of  the  other,  and  try  again  ;  if,  however,  he  be  fine 
'*  and  well-flavoured,  his  brotlier  will  not  be  amiss  for  breeding 
"  purposes  for  the  table." 

The  great  principle  of  the  division  of  labour  has  been 
brought  to  bear  on  selection.  In  cei-tain  districtd  ^^  **  the 
'*  breeding  of  bulls  is  confined  to  a  very  limited  number  of 
**  persons,  who  by  devoting  their  whole  attention  to  this 
*'  department,  are  able  from  year  to  year  to  furnish  a  class  of 
'  bulls  which  are  steadily  improving  the  general  breed  of  the 
^*  district."  The  rearing  and  letting  of  choice  rams  bas  long 
been,  as  is  well  known,  a  chief  source  of  profit  to  several 
eminent  breeders.  In  parts  of  Germany  this  principle  is 
carried  with  merino  sheep  to  an  extreme  point.^'  So  impor- 
**  tant  is  the  proper  selection  of  breeding  animals  considered, 
"  that  the  best  flock-masters  do  not  trust  to  their  own  judg- 
*'  ment  or  to  that  of  their  shepherds,  but  employ  persons  called 
**  *  sheep-classifiers,'  who  make  it  their  special  business  to 
*'  attend  to  this  part  of  the  management  of  several  flocks, 
*'  and  thus  to  preserve,  or  if  possible  to  improve,  the  best 
*'  qualities  of  both  parents  in  the  lambs."    In  Saxony,  **  when 

**  ReereatioDt  in  Agriculture/ Tol.  AgrlcuU.    Soc.,*    quoted   in    *Gard. 

ii.  p.  409.  Chronicle/  1844,  p.  29. 

>•  Youatt  on  Cattle,  pp.  191,  227.  "  Simmonde,    quoted    in    *  Oard. 

»  Ferguson,  •  Prise  Poultry,'  1854,  Chronicle,'  1855,  p.  687.     And   foi 

p.  208.  '  the  second  quotation,  sm  Youatt  on 

>•  Wilson,  in  *  Transact.  Highland  Sheep,  p.  171. 
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"  the  lambs  are  weaned,  each  in  his  torn  is  placed  npou  a 
"  table  that  his  wool  and  form  may  be  minutely  observed. 
The  finest  are  selected  for  breeding  and  receive  a  first 
mark.  When  they  are  one  year  old,  and  prior  to  shearing 
them,  another  close  examination  of  those  previously  marked 
tak&s  place :  those  in  which  no  defect  can.  be  found  receive 
**  a  sctx>ud  mark,  and  the  rest  are  condemned.  A  few  months 
'  afterguards  a  third  and  last  scrutiny  is  made ;  the  prime 
*  rams  and  ewes  receive  a  third  and  final  mark,  but  the 
'*  slightest  blemish  is  sufficient  to  cause  the  rejection  of  the 
**  animal.''  These  sheep  are  bred  and  valued  almost  ex- 
clusively for  the  fineness  of  their  wool;  and  the  result 
corresponds  with  the  labour  bestowed  on  their  selection. 
Insti-uments  have  boon  invented  to  measure  accurately  tlie 
thickness  of  tlio  fibres;  and  "an  Austrian  fleece  has  been 
produced  of  which  twelve  hairs  equalled  in  thickness  one 
from  a  Leicester  sheep." 

Throughout  the  world,  wherever  silk  is  produced,  the 
greatest  care  is  bestowed  on  selecting  the  cocoons  from  which 
the  moths  for  breeding  are  to  be  reared.  A  careful  cultivator^^ 
likewise  examines  the  moths  themselves,  and  destroys  those 
that  are  not  perfect.  But  what  more  immediately  concerns 
us  is  that  certain  families  in  France  devote  themselves  to 
raising  eggs  for  sale.^^  In  China,  near  Shanghai,  the  in- 
habitants of  two  small  districts  have  the  privilege  of  raising 
eggs  for  the  whole  surrounding  country,  and  that  they  may 
give  up  their  whole  time  to  this  business,  they  are  interdicted 
by  law  from  producing  silk." 

The  care  which  successful  breeders  take  in  matching  their 
birds  is  stirpiising.  Sir  John  Sebright,  whose  fame  ^s  per- 
petuated by  the  "  Sebright  Bantam,"  used  to  spend  **  two  and 
three  days  in  examining,  consulting,  and  disputing  with  a 
friend  which  were  the  best  of  five  or  six  birds."  "  Mr.  Bult, 
whose  pouter-pigeons  won  so  many  prizes,  and  were  exported 
to  North  America  under  the  charge  of  a  man  sent  on  purpose, 

>«  Robinet,  <  Vers  4  Soie,'  1848,  p.  >*  M.  Simon,  in  <  Bull,  do  la  Soc 

271.  d*Acolimat./  torn,  ix.,  1862,  p.  'J21. 

»  Quatrefages,  'Les   Maladies  du  >'  *The  Poultrj  Chronicle,' rol.  L. 

Vmr  A  Soio,' 1859,  p.  IQl.  18M,p.607.  ' 
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told  me  that  lie  always  deliberated  for  several  days  before  he 
Biatched  eaoh  pair.  Henoe  we  can  Tmderstand  the  advice  of 
an  eminent  fancier,  who  writes,^*  '*  I  would  here  particularly 
**  guard  you  against  having  too  great  a  variety  of  pigeons, 
"  otherwise  you  will  know  a  little  of  all,  but  nothing  about 
"  one  as  it  ought  to  be  known."  Apparently  it  transcends 
the  power  of  the  human  intellect  to  breed  all  kinds :  '*  it 
'*  is  possible  that  there  may  be  a  few  fanciers  that  have  a 
'*  good  general  knowledge  of  fancy  pigeons ;  but  there  are 
'*  many  more  who  labour  under  the  delusion  of  supposing 
**  they  know  what  thoy  do  not.*'  Tlie  excellence  of  one  sub- 
variety,  the  Almond  Tumbler,  lies  in  the  plumage,  carriage, 
head,  beak,  and  eye;  but  it  is  too  presumptuous  in  the 
beginner  to  try  for  all  these  points.  The  great  judge  above 
quoted  says,  '*  There  are  some  young  fanciers  who  are  over- 
*'  covetous,  who  go  for  all  the  above  five  properties  at  once ; 
they  have  their  reward  by  getting  nothing."  We  thus  see 
that  bi*ceding  even  fancy  pigeons  is  no  simple  art :  wo  may 
smile  at  the  solemnity  of  these  precepts,  but  ho  who  laughs 
will  win  no  prizes.  , 

What  metiiodical  selection  has  effected  for  our  animals  is 
sufficiently  proved,  as  already  remarked,  by  our  Exhibitions. 
So  greatly  were  the  sheep  belonging  to  some  of  the  earlier 
breeders,  such  as  Bakewell  and  Lord  Western,  changed,  that 
many  persons  could  not  be  persuaded  that  they  had  not  been 
crossed.  Our  pigs,  as  Mr.  Corringham  remarks,^*  during  the 
last  twenty  years  have  undergone,  through  rigorous  selection 
together  with  crossing,  a  complete  metamorphosis.  The  first 
exhibition  for  poultry  was  held  in  the  Zoological  Gardens  in 
1845 ;  and  the  improvement  effected  since  that  time  has  been 
great  As  Mr.  Bailey,  the  great  judge,  remarked  to  me,  it 
was  formerly  ordered  that  the  comb  of  the  Spanish  cock 
should  bo  upright,  and  in  four  or  five  years  all  good  birds 
had  upright  combs;  it  was  ordered  that  the  Polish  cock 
should  have  no  comb  or  wattles,  and  now  a  bird  thus  fur- 
nished would  be  at  once. disqualified;  beards  were  ordered, 

>•  J.  M.  Eaton,  'A    TreattM    on       I85t,  p.  11. 
PancT  Pigeons,'   1852,  p.  xir.,  and  **  *  Journal     Rojal     Agricultnra* 

A  IVeatiaa  on  tht  Almond  Tumbler,'      Soo.,'  vol.  tI  p.  22. 
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and  out  of  fifty-seven  pens  lately  (1860)  exhibited  at  the 
Crystal  Palace,  all  had  boards.  So  it  has  been  in  many  other 
cases.  But  in  all  cases  tho  judges  order  only  what  is  ooca' 
sionally  produced  and  wliat  can  bo  improved  and  rendered 
constant  by  selection.  The  steady  increase  in  weight  during 
tho  last  few  3'ear8  in  our  fowls,  turkeys,  ducks,  and  geese  is 
notorious ;  **  six-pound  ducks  are  now  common,  whereas  four 
pounds  was  formerly  tho  average.*'  As  the  time  required  to 
make  a  change  has  not  often  been  recorded,  it  may  bo 
worth  mentioning  that  it  took  Mr.  AVicking  thirteen  years 
to  put  a  clean  white  head  on  an  almond  tumbler^s  body, 
"  a  triumph,"  says  another  fancier,  "  of  which  he  may  be 
justly  proud."  ^® 

Mr.  ToUot,  of  Bctley  Ilall,  solootcd  cows,  and  especially 
bulls,  descended  from  good  milkera,  for  tho  sole  purpose  of 
improving  his  cattle  for  tho  production  of  choeso ;  he  steadily 
tested  the  milk  with  the  lactometer,  and  in  eight  years  he 
increased,  as  I  was  informed  by  him,  the  product  in  propor- 
tion of  four  to  three.  Hero  is  a  curious  case  ^^  of  steady  but 
slow  progress,  with  tho  end  not  as  yet  fully  attained:  in 
1784  a  race  of  silkworms  was  introduced  into  Franco,  in 
which  one  hundred  in  the  thousand  failed  to  produce  white 
cocoons;  but  now  after  careful  selection  during  sixty-five 
generations,  tho  proportion  of  yellow  cocoons  has  been 
reduced  to  thirty-five  in  the  thousand. 

AVith  plants  selection  has  been  followed  with  the  same 
good  result  as  with  animals.  But  the  process  is  simpler, 
for  plants  in  the  great  majority  of  cases  bear  both  sexes. 
Nevertheless,  with  most  kinds  it  is  necossaiy  to  take  as  much 
care  to  prevent  crosses  as  with  animals  or  unisexual  plants ; 
but  with  some  plants,  such  as  peas,  this  care  is  not  necessar3\ 
With  all  improved  plants,  excepting  of  course  those  which 
are  propagated  by  buds,  cuttings,  &c.,  it  is  almost  indispen- 
sable to  examine  the  seedlings  and  destroy  those  which 
depart  from  the  proper  type..  This  is  called  "  roguing,"  and 
is,  in  fact,  a  form  of  selection,  like  tho  rejection  of  inferior 
animals.      Experienced    horticulturists    and    agriculturists 

*• 'Poultry    Chronicle,'    vol.    ii.,  *>  Isid.  Geoflfroy  Sfc.-Hilaire,  ' Uist 

1855,  ii.o9fi.  Nat  GMnV  torn.  UL  p.  254. 
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incefisantly  urge  OTory  one  to  preeorve  the  finest  plants  for 
the  production  of  seed. 

Although  plants  often  present  much  more  conspicuous 
variations  than  animals,  yet  the  closest  attention  is  generally 
requisite  to  detect  each  slight  and  favourable  change.  Mr. 
Masters  relates  ^  how  **  many  a  patient  hour  was  devoted/* 
whilst  he  was  young,  to  the  detection  of  differences  in  peas 
intended  for  seed.  Mr.  Bamet^^  remarks  that  the  old  scarlet 
American  strawberry  was  cultivated  for  more  than  a  century 
without  producing  a  single  variety ;  and  another  writer  ob« 
serves  how  singular  it  was  that  when  gardeners  first  began 
to  attend  to  this  fruit  it  began  to  vary ;  the  truth  no  doubt 
being  that  it  had  always  varied,  but  that,  until  slight  vari- 
ations were  selected  and  propagated  by  seed,  no  conspicuous 
result  was  obtained.  The  finest  shades  of  difference  in  wheat 
have  been  discriminated  and  selected  with  almost  as  much 
care  as,  in  the  case  of  the  higher  animals,  for  instance  by 
Col.  Le  Couteur  and  more  especially  by  Major  Hallett. 

It  may  be  worth  while  to  give  a  few  examples  of  method- 
ical selection  with  plants ;  but  in  fact  the  great  improvement 
of  all  our  anciently  cultivated  plants  may  be  attributed  to 
selection  long  carried  on,  in  part  methodically,  and  in  part 
unconsciously.  I  have  shown  in  a  former  chapter  how  the 
weight  of  the  gooseberry  has  been  increased  by  systematic 
selection  and  culture.  The  flowers  of  the  Heartsease  have 
been  similarly  increased  in  size  and  regularity  of  outline. 
With  the  Cineraria,  Mr.  Glenny  **  "  was  bold  enough  when 
**  the  flowers  were  ragged  and  starry  and  ill  defined  in  colour, 
to  fix  a  standard  which  was  then  considered  outrageously 
high  and  impossible,  and  which,  even  if  reached,  it  was 
"said,  we  should  be  no  gainers  by,  as  it  would  spoil  the 
'* beauty  of  thefiowers.  He  maintained  that  he  was  right; 
*'  and  the  event  has  proved  it  to  be  so."  The  doubling  of 
flowei's  has  several  times  been  effected  by  careful  selection  : 
(he  Kev.  W.  Williamson,^'  after  sowing  during  several  years 

**  *Oardencr'a    Chron.,'   1850,    p.  '«*  Journal  of  Horticul  tare,' 1802, 

198.  p.  869. 

'*  'TranMCt.  Hort.  Soc..*  voLvi.  p.  **  'Traosact.   Hort.  Soc.,'  vol    iv. 

152.  p.  881. 
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seed  of  Anemone  coronaria^  found  a  plant  with  ono  additional 
petal ;  he  sowed  the  seed  of  this,  and  by  pei  Boverance  in  the 
same  coarse  obtained  several  varieties  with  six  or  seven  rows 
of  petals.  The  single  Scotch  rose  was  doubled,  and  yielded 
eight  good  varieties  in  nine  or  ten  years.^'  The  Canterbury 
l)oll  (Cnmpannla  medium')  was  doubled  by  careful  selection  in 
four  generational^  In  four  years  Mr.  Buckman,'*  by  culture 
and  careful  selection,  converted  parsnips,  raised  from  wild 
seed,  into  a  now  and  good  variety.  By  selection  daring  a 
long  course  of  years,  the  early  maturity  of  peas  has  been 
hastened  by  between  ten  and  twenty-one  days.'*  A  more 
curious  case  is  offered  by  the  beet  plant,  which  since  its  culti- 
vation in  Franco,  has  almost  exactly  doubled  its  yield  of 
sugar.  This  has  been  effected  by  the  most  careful  selection ; 
the  8];)ecifio  gravity  of  the  roots  being  regularly  tested,  and 
the  best  roots  saved  for  the  production  of  hced.^^ 

Stleetion  hy  Ancient  and  Semi-cimlised  People. 

In  attributing  so  much  importance  to  the  selection  ot 
animals  and  plants,  it  may  be  objected,  that  methodical  selec- 
tion would  not  have  been  carried  on  during  ancient  times. 
A  distinguished  naturalist  considers  it  as  absurd  to  suppose 
that  semi-civilised  people  should  have  practised  selection  of 
any  kind.  Undoubtedly  the  principle  has  boon  systematically 
acknowledged  and  followed  to  a  far  greater  extent  within  the 
last  hundred  years  than  at  any  former  period,  and  a  corre- 
sponding result  has  been  gained  ^  but  it  would  be  a  greater 
error  to  suppose,  as  we  shall  immediately  see,  that  its  impor- 
tance was  not  recognised  and  acted  on  during  the  most  ancient 
times,  and  by  semi-civilised  people.  I  should  premise  that 
many  facts  now  to  be  given  only  show  that  care  was  taken 
in  breeding ;  but  when  this  is  the  case,  selection  is  almost 
sure  to  be  practised  to  a  certain  extent.  We  shall  hereafter 
be  enabled  better  to  judge  how  far  selection,  when  only  occa- 

^  <  Transact  Hort.  Soc,'  vol.  iv.  p.  ru  p.   96 ;   Mr.    Barnes,  in   *  Card. 

885.  Chronicle,'  1844,  p.  476. 

*'  ReT.  W.  Bromchead,  in  <Gard.  *•  Godron,    *De    I'Esp^e,'    1859, 

Chronicle,' 1857,  p.  550.  torn.  U.  p.   69;    *Oard.    Chronicle,' 

»  <Gard.  Chronicle,'  1862,  p.  721.  1854,  p.  258. 

**  Dr.  AndenoB,  in  *  The  Bee/  vol. 
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sionally  carried  on«  by  a  few  of  the  inhabitants  of  a  conntTj, 
will  slowly  produce  a  great  effect. 

In  a  well-known  passage  in  the  thirtieth  chapter  of  Gkncsis, 
rules  are  given  for  influencing,  as  was  then  thought  possible^ 
the  colour  of  sheep ;  and  speckled  and  dark  breeds  are  spoken 
of  as  being  kept  separate.  By  the  time  of  David  the  fleece 
was  likened  to  snow.  Touatt,^^  who  has  discussed  all  the 
passages  in  relation  to  breeding  in  the  Old  Testament,  con- 
cludes that  at  this  early  period  "  some  of  the  best  principles 
of  breeding  must  have  been  steadily  and  long  pursued."  It 
was  oi-dercd,  according  to  Moses,  that  "  Thou  shalt  not  let  thy 
cattle  gender  with  a  diyerso  kind ; "  but  mules  were  pur- 
chased,'' so  that  at  this  early  period  other  nations  must  have 
crossed  the  horae  and  ass.  It  is  said''  that  Erichthonius, 
some  generations  before  the  Trojan  war,  had  many  brood- 
mares, **  which  by  his  care  and  judgment  in  the  choice  of 
stallions  produced  a  breed  of  horses  superior  to  any  in  the 
surrounding  countries.*'  Homer  (Book  v.)  speaks  of  iEncas' 
horses  as  bi-ed  from  mares  which  were  put  to  the  steeds  of 
Laomedon.  Plato,  in  his  '  Bepublic,'  says  to  Glaucus,  *'  I  see 
that  you  raise  at  your  house  a  great  many  dogs  for  the  chase. 
Do  yon  take  care  about  breeding  and  pairing  thorn  ?  Among 
animals  of  good  blood,  are  there  not  always  some  which  are 
superior  to  the  rest?"  To  which  Glaucus  answers  in  the 
liffirmative.'^  Alexander  the  Great  selected  the  finest  Indian 
cattle  to  send  to  Macedonia  to  improve  the  breed."  Acccord- 
ing  to  Pliny ,'^  King  Pyrrhus  had  an  especially  valuable 
breed  of  oxen :  and  he  did  not  suffer  the  bulls  and  cows  to 
come  together  till  four  years  old,  that  the  breed  might  not 
degenerate.  Virgil,  in  his  Georgics  (lib.  iii.),  gives  as  strong 
advice  as  any  modern  agriculturist  conld  do,  carefully  to  select 
the  breeding  stock ;  **  to  note  the  tribe,  the  lineage,  and  the 
sire ;  whom  to  reserve  for  husband  of  tbe  herd ; " — to  brand 
the  progeny ;—  to  select  sheep  of  the  purest  white,  and  tD 
examine  if  their  tongues  are  swaithy.    We  have  seen  that  tlio 

"  Od  Sheen,  p.  18.  »•  I>r.  Dally,  tr*au'*/.t«d  in '  Anthro- 

»  Volx,  <  Beltr&ge  lur  Kalturge-  pological  Review,'  Miiy  1864,  p.  101. 

•chichU,*  1832,  s.  47.  »  VoU,  «Beitift2C,'  «x.,   1853,  & 

»  Ifitford'*  <HUtor7  of  Greece/  80. 

vol.  L  p.  73.  «  <Hi8toiy  of  the  World*'  ch.  45. 
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Eomans  kept  pedigrees  of  their  pigeons,  and  this  would  have 
been  a  senseless  proceeding  had  not  great  care  been  taken  in 
breeding  them.  Columella  gives  detailed  instructions  about 
breeding  fowls :  '*  Let  the  breeding  hens  therefore  be  of  a 
choice  colour,  *'  a  robust  body,  square-built,  full-breasted,  with 
«« largo  heads,  with  upright  and  bright-red  combs.  Those 
**  arc  believed  to  bo  the  best  bred  which  have  five  toes."  ^^ 
According  to  Tacitus,  the  Celts  attended  to  the  races  of  their 
domestic  animals;  and  Caesar  states  that  they  paid  high 
prices  to  merchants  for  fine  imported  horses.^^  In  regard  to 
plants,  Virgil  speaks  of  yearly  culling  the  largest  seeds ;  and 
Colsus  says,  **  where  the  com  and  crop  is  but  small,  we  must 
pick  out  the  best  cars  of  corn,  and  of  them  lay  up  our  seed 
separately  by  itself."  ^* 

Coming  down  the  stream  of  time,  wo  may  be  brief.  At 
about  the  beginning  of  the  ninth  century  Charlemagne 
expressly  ordered  his  officers  to  take  great  care  of  his  stallions ; 
and  if  any  proved  bad  or  old,  to  forewarn  him  in  good  time 
before  they  were  put  to  the  mares.^^  Even  in  a  country  so 
little  civilised  as  Ireland  during  the  ninth  century,  it  would 
appear  from  some  ancient  verses,^^  describing  a  ransom 
demanded  by  Cormac,  that  animals  from  particular  places, 
or  having  a  particular  character,  were  valued.  Thus  it 
is  said, — 

Two  pigs  of  the  pigs  of  Mac  Lir, 

A  ram  and  ewe  tx>th  round  and  red, 

I  brought  with  me  from  Aengns. 

1  brought  with  me  a  stallion  and  a  mare 

From  the  beautiful  stud  of  Manannnn, 

A  bull  and  a  white  cow  from  Druim  Coin. 

Athelstan,  in  030,  received  running-horses  as  a  pi-esent  from 
Germany;  and  he  prohibited  the  exportation  of  English 
hoises.  King  John  imported  ''one  hundred  chosen  stallions 
from  Flandei-s."  «'    On  June  16th,  1305,  the  Prince  of  Wales 

"  'Garde&er'ii  Chroniclo,'  1848,  p.  «*  Sir  W.  Wilde,  an  'Essay  on  Un- 

833.  manufactursd  Animal  Remains,'  &c., 

**  Rcf  nior,    *  Do    l*ficonomio    des  1860,  \i.  I L 

Cclics,' 1818,  pp.  487,  503.  «*  Col.    Hamilton    Smith,    <Kat. 

**  U  Couteur  on  Wheat,  p.  15.  Librarj,'  rol.  zil,  Uorset,  pp.  135b 

«•  iiichsl,  <  Des  Haras,'  186 1,  p.  84.  140, 
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nrrote  to  the  Aidibiflhop  of  Oanterborj,  bogging  for  the  loan 
of  any  choloe  stallion,  and  promising  its  return  at  the  end  of 
the  season.^  There  are  numerous  records  at  ancient  periods 
in  English  history  of  the  importation  of  choice  animals  of 
vaiious  kinds,  and  of  foolish  laws  against  their  exportation. 
In  the  reigns  of  Henry  VIL  and  VIII.  it  was  ordered  that 
the  magistrates,  at  Michaelmas,  should  scour  the  hoatlis  and 
commons,  and  destroy  all  mares  beneath  a  certain  sizo/^ 
Some  of  our  earlier  kings  passed  laws  against  the  slaughter- 
ing rams  of  any  good  breed  before  they  were  seven  years  old, 
so  that  they  might  have  time  to  breed.  In  Simin  Cardinul 
Ximenes  issued,  in  1500,  regulations  on  the  §eleciion  of  good 
rams  for  breeding/* 

The  Emperor  Akbar  Ehan  before  the  year  1600  is  said  to 
have  *'  wonderfully  improved  **  his  pigeons  by  crossing  the 
broods ;  and  this  necessarily  implies  careful  selection.  About 
the  same  period  the  Dutch  attended  with  the  greatest  caro 
to  the  breeding  of  these  birds.  Belon  in  1555  says  that  good 
managers  in  France  examined  the  colour  of  their  goslings  in 
order  to  get  geese  of  a  white  colour  and  better  kinds.  Mark- 
ham  in  1G31  tells  the  breeder  "  to  elect  the  largest  and  good* 
liest  conies,*'  and  enters  into  minute  details.  Even  with 
respect  to  seeds  of  plants  for  the  flower-garden,  Sir  J.  llanmer 
writing  about  tlie  year  1660^*  says,  in  '*  choosing  seed,  the 
best  seed  is  the  most  weighty,  and  is  had  from  the  lustiest 
and  most  vigorous  stems ; "  and  he  then  gives  rules  about 
leaving  only  a  few  flowers  on  plants  for  ficed ;  so  that  oven 
such  details  wei*e  attended  to  in  our  flower-gardens  two 
hundred  years  ago  In  order  to  show  that  selection  has  been 
silently  carried  on  in  places  where  it  would  not  have  been 
expected,  I  may  add  that  in  the  middle  of  the  last  ccntnr}', 
in  a  remote  part  of  North  America,  Mr.  Cooper  improved  by 
ixireful  selection  all  his  vegetables,  '*  so  that  they  were  gi-eatly 
**  superior  to  those  of  any  other  person.    When  his  i-adishos, 

*'  Michel,  '  Des  Haras,'  p.  90.  tlon  od  tho  ancient  selection  of  sheep ; 

**  Mr.    Uaker,     'Hintory    of    the  and  Li  mj  anthority  for  rains   not 

Horse,'  *  Veterinary,'  vol.  ziii.  p.  423.  being  killed  young  in  England. 

«•  M.  TAbbA  earlier,  in   'Journal  *•  'Gardener's  Chronicle,'  1843,  p 

dt  Physique,'  rol.  zziv.,  1784,  p^  181 ;  589. 
this  mentoir  contains  much  informa- 
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"  for  instanoe,  are  fit  for  use,  he  takes  ten  or  twelve  that  he 
**  must  approves,  and  plants  them  at  least  100  yards  from 
**  others  that  blossom  at  the  same  time.  In  the  same  manner 
*'  he  treats  all  his  other  plants,  varying  the  circnmstances 
"  according  to  their  nature."  *^ 

In  the  great  work  on  China  published  in  the  last  century 
by  the  Jesuits,  and  which  is  chiefly  compiled  from  ancient 
Chinese  encyclopaedias,  it  is  said  that  with  sheep  '*  improving 
"  the  breed  consists  in  choosing  with  particular  care  the 
**  lambs  which  are  destined  for  propagation,  in  nourishing 
"  them  well,  and  in  keeping  the  flocks  separate.*'  The  same 
principles  were  applied  by  the  Chinese  to  various  plants  and 
fruit-trees.^^  An  imperial  edict  recommends  the  choice  of 
seed  of  remarkable  size ;  and  selection  was  practised  even 
by  impericd  hands,  for  it  is  said  that  the  Ya-mi,  or  imperial 
rice,  was  noticed  at  an  ancient  period  in  a  field  by  the  Em- 
peror Khang-hi,  was  saved  and  cultivated  in  his  ganlcn,  and 
has  since  become  valuable  from  being  the  only  kind  which 
will  grow  north  of  the  Great  Wall.*'  Even  with  flowers, 
the  tree  pasony  (P.  mouian)  has  been  cultivated,  according  to 
Cliincse  traditions,  for  1400  years;  between  200  and  800 
varieties  have  been  raised,  which  are  cherished  like  tulips 
formerl  jT  were  by  the  Dutch.** 

Turning  now  to  semi-civilised  people  and  to  savages :  it 
occurred  to  me,  from  whait  I  had  seen  of  several  parts  of  South 
America,  where  fences  do  not  exist,  and  where  the  animals  are 
of  little  value,  that  there  would  be  absolutely  no  core  in 
breeding  or  selecting  them ;  and  this  to  a  large  extent  is 
true.  Iloulin,*^  however,  desmibes  in  Columbia  a  naked  race 
of  cattle,  which  are  not  allowed  to  increase,  on  account  ot 
their  delicate  constitution.  According  to  Azara  *'  horses  are 
often  bom  in  Paraguay  with  curly  hair ;  but,  as  the  natives 

*^  *  Communiciitio&s   to  Board    of  to  Khang-hi,  am  Hnc's  'Chinese  Em- 

Agricaltare,' quoted  in  Dr.  Darwin's  pire,'p.  81L 
rhytologia,'  1800,  p.  451.  **  Anderson,  in  *Linn.  Transact.,' 

«•  '  Mimoire  sur  les  Chindis,'  1786,  rol.  zii.  p.  253. 
torn.  zi.  p.  55 ;  torn.  t.  p.  507.  "  '  Mdm.   de   I'Acad.'  (divers  sa- 

^*  *Rechercho8    sur    TAgricuIture  rants),  torn,  yi.,  1835,  p.  S33. 
des  Chinois,'  par  L.  D*IIorTcy  Saint-  **  *  Dcs  Quadru|)6(les  du  Paraguay,' 

Denys,  1850,  p.  220.     With  respect  1801,  torn.  ii.  pp.  333,  371. 


190  6ELB0TI0N.  Ciup.  XX. 

do  not  liko  them,  they  are  destroyed.  On  the  other  hand, 
Azara  statos  that  a  hornless  bull,  bom  in  1770,  was  pi-esci-vod 
and  projMigated  its  race.  I  was  informed  of  the  existence  in 
Banda  Oriental  of  a  breed  with  reversed  hair ;  and  the  eztiu- 
ordinary  niata  cattle  first  appeared  and  have  since  been  kept 
distinct  in  La  Plata.  Hence  certain  conspicuous  variations 
have  been  preserved,  and  others  have  been  habitually 
destroyed,  in  these  countries,  which  are  so  little  favourable 
for  careful  selection.  We  have  also  seen  that  the  inhabitants 
sometimes  introduce  fresh  cattle  on  their  estates  to  prevent  the 
evil  effects  of  close  interbreeding.  On  the  other  hand,  I  have 
heard  on  reliable  authority  that  the  Gauchos  of  the  Pampas 
never  take  any  pains  in  selecting  the  best  bulls  or  stallions 
for  breeding ;  and  this  probably  accounts  for  the  cattle  and 
horses  being  remarkably  uniform  in  character  throughout  the 
immense  range  of  the  Argentine  republic. 

Looking  to  the  Old  World,  in  the  Sahara  Desert  '*The 
*'  Touareg  is  as  careful  in  the  ^election  of  his  breeding  Mahari 
"  (a  fine  race  of  the  dromedary)  as  the  Arab  is  in  that  of  his 
horse.  Ilie  pedigrees  are  handed  down,  and  many  a  drome- 
dary oan  boast  a  genealogy  far  longer  than  the  descendants 
"  of  the  Barley  Arabian."  ^^  According  to  Pallas  the  Mongo- 
lians endeavour  to  breed  the  Yaks  or  horse-tailed  buffaloes 
with  white  tails,  for  these  are  sold  to  the  Chinese  mandarins 
as  fly-flappers;  and  Moorcroft,  about  seventy  years  after 
Pallas,  found  that  white-tailed  animals  were  still  selected  for 
breeding.** 

We  have  seen  in  the  chapter  on  the  Dog  that  savages  in 
different  parts  of  North  America  and  in  Guiana  cross  their 
dogs  with  wild  Canid»,  as  did  the  ancient  Gauls,  according 
to  Pliny.  This  was  done  to  give  their  dog^s  strength  and 
vigour,  in  the  same  way  as  the  keepers  in  large  warrens 
now  sometimes  cross  their  ferrets  (as  I  have  been  informed  by 
Mr.  Yarrell)  with  the  wild  polecat,  "  to  give  them  more  devil.*' 
According  to  Yarro,  the  wild  ass  was  formerly  caught  and 
crossed  with  the  tame  animal  to  improve  the  breed,  in  the 

'*  <  The  Great  Sahara,' bjr  the  Rer.      bnrg/  1777,  p.  249,  Moorcroft  and 
H.  B.  Triftrani,  1860,  p.  238.  Trebeck, '  Travels  in  the  Himalayan 

•I  Pallas.  <Aet.  Acad.  St.  Peters-      Provinces,'  1841. 
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eamo  manner  an  at  tho  present  day  the  natives  of  Java  eome* 
times  drive  their  cattle  into  tho  forests  to  cross  with  the  wild 
Banteng  {Bo$  Mondaictti),^  In  Korthem  Siberia,  among  tho 
Ostyaks,  the  dogs  vary  in  markings  in  diflerent  districts,  but 
in  eoch  place  they  ai^  spotted  black  and  white  in  a  remark- 
ably uniform  manner ;  ^*  and  from  this  fact  aloue  wo  may 
infer  careful  bi'eeding,  more  especially  as  tho  dogs  of  one 
locality  are  famed  throughout  tho  country  for  their  superio- 
rity. I  have  heard  of  cei-tain  tribes  of  Esquimaux  who  take 
pride  in  their  teams  of  dogs  being  uniformly  coloured.  In 
Quiana,  as  Sir  B.  Sohomburgk  informs  me,*'  the  dogs  of  tho 
Turuma  Indians  are  highly  valued  and  extensively  bartered : 
tho  piico  of  a  good  ono  is  the  same  as  that  given  for  a  wife : 
tliey  aro  kept  in  a  sort  of  cage,  and  tho  Indians  **  take  great 
care  when  the  female  is  in  season  to  prevent  her  uniting  with 
a  dog  of  an  inferior  description."  The  Indians  told  Sir 
Bobert  that,  if  a  dog  proved  bad  or  useless,  he  was  not  killed, 
but  was  left  to  die  from  sheer  neglect  Hardly  any  nation  is 
mora  barbarous  than  the  Fuegians,  but  I  hear  from  Mr. 
Bridges,  tho  Gateoliist  to  the  Mission,  that,  *'when  these 
*'  savages  have  a  large,  strong,  and  active  bitch,  they  take 
^  care  to  put  her  to  a  fine  dog,  and  even  take  care  to  feed 
**  her  well,  that  her  young  may  be  strong  and  well  favoured.*' 
In  the  interior  of  AMoa,  negroes,  who  have  not  associated 
with  white  men,  show  great  anxiety  to  improve  their  animals ; 
they  "  always  choose  the  larger  and  stronger  males  for  stock ;" 
tho  Malakolo  were  much  pleased  at  Livingstone's  promise  to 
send  them  a  bull,  and  some  Bakalolo  carried  a  live  cook  all 
the  way  fix>m  Loanda  into  the  interior.**  At  Falaba  Mr< 
Winwood  Beade  noticed  an  unusually  fine  horse,  and  tho 
negro  King  informed  him  that  "  the  owner  was  noted  for  his 
**  skill  in  breeding  horses."  Further  south  on  tho  samo 
continent,  Andersson  states  that  he  has  known  a  Damara 
givo  two  fine  oxen  for  a  dog  which  struck  his  fancy.    Tho 

"  Qaoied     from    Raffles,   in    the  graph.  Soc.,*  vol.  xiii.  part  L  p.  65. 
Mndian  Field,'   1859,  p.   196:    for  ••  Liringstone's  <  First  Travel V  pp. 

Varro.  tee  FtiWw,  ut  supra.  191,  439,  565 ;  eee  aUo  *  lixpeditioii  to 

**  Ermaa's    'TrareU    in   Siberia,'  the  Zambesi,'  1865,   p.  495,  for  an 

lag.  translat.,  rol.  i.  p.  453.  analogous    case    respecting  n    gooi 

'^  See  also  *  Journal  of  R.   Geo-  breed  of  goats. 


192  SELECTION.  CiUP.  XX 

Damaras  tako  great  delight  in  having  whole  droves  of  cattle 
of  the  same  colour,  and  thej  prize  tlieir  oxen  in  proportion  to 
the  size  of  their  horns.  ''The  Namaquas  have  a  perfect 
'*  mania  for  a  nniform  team ;  and  almost  all  the  people  of 
*'  Southern  Africa  value  their  cattle  next  to  their  women,  and 
*'  tako  a  pride  in  possessing  animals  that  look  high-bred." 
'*  They  rarely  or  never  make  use  of  a  handsome  animal  as  a 
**  beast  of  burden."'*  The  power  of  discrimination  which 
these  savages  possess  is  wonderful,  and  they  can  recognise  to 
which  tribe  any  cattle  belong.  Mr.  Andersson  further  in- 
forms mo  that  the  natives  frequently  match  a  particular  bull 
with  a  particular  cow. 

The  most  curious  case  of  selection  by  semi-civilised  people, 
or  indeed  by  any  people,  which  I  have  found  recorded,  is  that 
given  by  Garcilazo  de  la  Yega,  a  descendant  of  the  Incas,  as 
having  been  practised  in  Peru  before  the  country  was  sub- 
jugated by  the  Spaniards.*®  The  Incas  annually  held  great 
hunts,  when  all  the  wild  animals  wore  driven  from  an  im- 
mense circuit  to  a  central  point.  Tho  beast:^  of  prey  wcra 
first  destroyed  as  injurious.  The  wild  Guanacos  and  Vicunas 
were  sheared ;  the  old  males  and  females  killed,  and  the 
others  set  at  liberty.  The  various  kinds  of  deer  wero 
examined ;  tho  old  males  and  females  wero  likewise  killed , 
*'  but  the  young  females,  with  a  certain  number  of  males, 
selected  from  the  most  beautiful  and  strohg,"  were  given 
their  fi*eedom.  Here,  then,  we  have  selection  by  man  aiding 
natural  selection.  So  that  the  Incas  followed  exactly  the 
reverse  system  of  that  which  our  Scottish  sportsman  are 
accused  of  following,  namely,  of  steadily  killing  the  finest 
stags,  thus  causing  the  whole  race  to  degenerate.*^  In  regard 
to  the  domestic^ated  llamas  and  alpacas,  they  were  separated 
in  tho  timo  of  the  Incas  according  to  colour :  and  if  by  chance 
one  in  a  flock  was  born  of  the  wrong  colour,  it  was  eventuallv 
put  into  another  flock. 

In  the  genus  Aucheuia  there  are  four  forms,— tlic  Onanaco 

**  Andenaon't  'Trsrels   in   South  ISA. 
Africa,' pp.  232,  318,  319.  •*  «T««i)    Nr>tural    Histor>    ot   Dot 

••  Dr.  VtyosMur,  in  'Bull,  de  1a  Side,'  18;3r  p.  470. 
Soe.  d'Acclimat.,'  torn,  yiiu,  1861,  p. 
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And  Yiouna,  found  wild  and  undoubtedly  distinct  apecios; 
the  Llama  .and  Alpaca,  known  only  in  a  domesticated  con- 
dition. These  four  animals  appear  so  different,  that  most 
naturalists,  especially  those  who  have  studied  these  animals 
in  their  native  country,  maintain  that  they  are  specifically 
distinct,  notwithstanding  that  no  one  pretends  to  have  seen 
a  wild  llama  or  alpaca.  Mr.  Ledger,  however,  who  has  closely 
studied  these  animals  both  in  Peru  and  during  their  exporta- 
tion to  Australia,  and  who  has  made  many  experiments  on 
Iheir  propagation,  adduces  arguments*^  which  seem  to  me 
conclusive,  that  the  llama  is  the  domesticated  descendant  of 
the  guanaco,  and  the  alpaca  of  the  vicuna.  And  now  that  we 
know  that  these  animals  were  systematically  bred  and  selected 
many  centuries  ago,  there  is  nothing  surprising  in  the  great 
amount  of  change  which  thoy  have  undergone. 

It  appeared  to  me  at  one  time  probable  that,  though 
ancient  and  semi-civilised  people  might  have  attended  to  the 
improvement  of  their  more  useful  animals  in  essential  points, 
yet  that  they  would  have  disregarded  unimportant  characters. 
But  human  nature  is  the  same  throughout  the  world :  fashion 
everywhere  reigns  supreme,  and  man  is  apt  to  value  whatever 
lie  may  chance  to  possess.  We  have  seen  tliat  in  South 
America  the  niata  cattle,  which  certainly  are  not  made  useful 
by  their  shortened  faces  and  upturned  nostrils,  have  been 
preserved.  The  Damaras  of  South  Africa  value  their  cattle  for 
uniformity  of  colour  and  enormously  long  horns.  And  I  will 
now  show  that  there  is  hardly  any  peculiarity  in  our  most 
useful  animals  which,  from  fashion,  superstition,  or  some 
other  motive,  has  not  been  valued,  and  consequently  pro- 
served.  With  respect  to  cattle,  •*  an  early  record,"  accordiDg 
t/>  Youatt,^^  "  speaks  of  a  hundred  white  cows  with  red  ears 
*'  being  demanded  as  a  compensation  by  the  princes  of  North 
**  and  South  Wales.  If  the  cattle  were  of  a  dark  or  black 
"colour,  150  were  to  be  presented."  So  that  colour  was 
attended  to  in  Wales  before  its  subjugation  by  England.  In 
Central  Africa,  an  ox  that  beats  the  ground  with  its  tail  is 
killed ;  and  in  South  Africa  some  of  the  Damaras  will  not  eat 

•>  *  Ball.  d«  la  Soc.  d'AccliraBt.,'  torn,  rii.,  1860,  p.  457.     **  '  CatUe,'  p.  48. 
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tho  flesh  of  a  spotted  ox.  The  Kaffirs  valne  an  animal  with 
a  mnsioal  voice ;  and  '*  at  a  sale  in  British  Kafiraria  tho  low 
'*  of  a  heifer  excited  so  miidi  admiration  that  a  sharp  com 
'*  petition  sprang  up  for  her  possession,  and  she  realised  a 
"  considerable  price."  •*  "With  respect  to  sheep,  the  Chinese 
prefer  rams  without  horns;  the  Tartars  prefer  them  with 
spirally  wound  honis,  because  the  hornless  are  thought  to 
lose  courage.*^  Some  of  the  Damaras  will  not  eat  tho  flesh 
of  hornless  sheep.  In  regard  to  horses,  at  the  end  of  the 
fifteenth  century  animals  of  the  colour  described  as  Hart 
pomm6  wero  most  valued  in  Franco,  llie  Arabs  havo  a 
proverb,  "  Never  buy  a  horao  with  four  white  feet,  for  he 
oaiTics  his  shroud  with  him ;  "^*  tho  Arabs  also,  as  we  havo 
seen,  despise  dun-coloured  horses.  So  with  dogs,  Xenophon 
and  others  at  an  ancient  period  wero  prejudiced  in  favour  of 
certain  colours ;  and  "  white  or  slate-coloured  hunting  dogs 
were  not  esteemed."  "^ 

Turning  to  poultry,  tho  old  Homan  gourmands  thought 
that  the  liver  of  a  white  goose  was  the  most  savouiy.  In 
Paraguay  black-skinned  fowls  are  kept  because  they  are 
thought  to  be  more  productive,  and  their  flesh  tbe  most  proper 
for  invalids.**  In  Guiana,  as  1  am  informed  by  Sir  B.  Schom- 
burgk,  tho  aborigines  will  not  eat  the  flesh  or  eggs  of  the 
fowl,  but  two  races  are  kept  distinct  merely  for  ornament. 
In  the  Philippines,  no  less  than  nine  sub-varieties  of  the  game* 
cock  are  kept  and  named,  so  that  they  must  be  separately 
bred. 

At  the  present  lime  in  Europe,  the  smallest  peculiarities 
are  carefully  attended  to  in  our  most  useful  animals,  either 
from  fashion,  or  as  a  mark  of  purity  of  blood.  Many  examples 
could  be  given ;  two  will  suflice.  "  In  the  Western  counties 
*'  of  England  the  prejudice  against  a  white  pig  is  nearly  as 
*'  strong  as  against  a  black  one  in  Yorkshire."    In  one  of  the 

•*  Llringstooe's  Trar«U,  p.   576;  *•  F.  Michel,  <  Dos  Haras,'  pp.47. 

Andersson,  <Lako  Ngami,'    1856,  p.  50. 

123.     With  respMt  to  th«  sal*  in  •'  Col.  Hnmilton  Smith,  Dogs,  ii 

Knflraria,    jm  'Quarterly    Baview,'  < Nat.  Lib.,' vol.  z.  p.  103. 
1860,  p.  180.  <■  Azara,  <  QuadrupMai  da  Pani' 

••  *  Mtoioira  sur  las  Chioois'  (hj  the  goaj,'  torn.  ii.  p.  324. 
JasniU),  1786,  torn.  zi.  p.  57. 
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Berkflliire  snb-breeds,  it  is  said,  "  tho  white  shonld  be  confined 
"  to  four  white  feet,  a  white  spot  between  the  eyes,  and  a  few 
'*  white  hairs  behind  each  shoulder."  Mr.  Saddler  possessed 
**  three  hundred  pigs,  every  one  of  which  was  marked  in  this 
"  manner."  ^'  Marshall,  towards  tho  dose  of  tho  last  century, 
in  speaking  of  a  change  in  one  of  the  Yorkshire  breeds  of 
cattle,  says  the  horns  have  been  considerably  modified,  as 
'*  a  clean,  small,  sharp  horn  has  been  fa^kionahle  for  the  last 
twenty  years.*'  *•  In  a  part  of  Germany  tho  cattle  of  the 
Haco  de  Gfoehl  are  valued  for  many  good  qualities,  but  they 
must  havo  horns  of  a  particular  curvature  and  tint,  so  much 
so  that  mechanical  means  are  applied  if  they  take  a  wrong 
direction ;  but  the  inhabitants  "  consider  it  of  the  highest 
'*  importance  that  the  nostrils  of  the  bull  should  bo  ilesh- 
'*  coloured,  and  the  eyelashes  light ;  this  is  an  indispensable 
«  condition.  A  calf  with  blue  nostrils  would  not  be  pur- 
*'  chased,  or  purchased  at  a  very  low  price."  ^^  Therefoit)  let 
no  man  say  that  any  point  or  character  is  too  trifling  to  be 
methodically  attended  to  and  selected  by  breeders. 

Unconscioua  SeUdion, — By  this  term  I  mean,  as  already  more 
than  once  explained,  the  preservation  by  man  of  the  most 
valued,  and  the  destruction  of  the  least  valued  individuals, 
without  any  conscious  intention  on  his  part  of  altering  the 
breed.  It  is  difficult  to  offer  direct  proofs  of  the  results 
which  follow  from  this  kind  of  selection ;  but  the  indirect 
evidence  is  abundant.  In  fact,  except  that  in  the  one  case 
man  acts  intentionally,  and  in  the  other  unintentionally, 
thcro  is  little  difference  between  methodical  and  unconscious 
selection.  lu  both  cases  man  preserves  tho  animals  which 
are  most  useful  or  pleasing  to  him,  and  destroys  or  neglects 
the  others.  But  no  doubt  a  far  more  rapid  result  ful lows  from 
methodical  than  from  unconscious  selection.  The  "  roguing  *' 
of  plants  by  gardeners,  and  the  destruction  by  law  in  Henry 
VIIl.'s  i*eign  of  all  undernBized  mares,  are  instances  of  a 
process  the  reverse  of  selection  in  the  ordinary  sense  of  the 

•*  Sidney's  edit,  of  Youatt,  1860,      rol  ii.  p.  182. 
pp.  24,  25.  "  Moll  et  Gayot,  <  Da  Bceuf,'  1860 

'*  *  Rural  Economy  of  Yorkshire,'      p.  547. 
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word,  but  loading  to  the  same  general  resalt.  The  influence 
of  the  destmotion  of  individuals  having  a  pai*ticnlar  character 
is  well  shown  by  the  necessity  of  killing  every  lamb  with  a 
trace  of  black  about  it,  in  order  to  keep  the  flock  white ;  or 
again,  by  the  effects  on  the  average  height  of  the  men  of 
France  of  the  destructive  wars  of  Kapoleon,  by  which  many 
tall  men  woi-e  killed,  the  shoi*t  ones  being  left  to  be  the 
fathers  of  families.  This  at  least  is  the  conclusion  of  some  of 
those  who  have  closely  studied  the  effects  of  the  consci-iption; 
and  it  is  certain  that  since  Napoleon*s  time  the  standard  for 
the  army  has  been  lowered  two  or  thi'co  times. 

Unconscious  selection  blends  with  methodical,  so  that  it  is 
scarcely  possible  to  separate  them.  When  a  fancier  long  ago 
fii-st  happened  to  notice  a  pigeon  with  an  unusually  short 
beak,  or  one  with  the  tail-feathers  unusually  developed, 
although  he  bred  from  these  birds  with  the  distinct  intention 
of  pi*oi>agating  tlie  variety,  yet  he  could  not  have  intended  to 
make  a  short- faced  tumbler  or  a  fantail,  and  was  far  fi'om  know- 
ing that  ho  had  mado  the  flrst  step  towanls  this  end.  If  ho 
oould  have  seen  the  flnal  result,  he  would  have  been  stnick 
with  astonishment,  but,  fi'om  what  we  know  of  the  habits  of 
fanciera,  probably  not  with  admiration.  Our  English  canicrs, 
barbs,  and  short-faced  tumblera  have  been  greatly  modified  in 
the  same  manner,  as  we  may  infer  both  from  the  historical 
evidence  given  in  the  chapters  on  the  Pigeon,  and  from  the 
comparison  of  biixls  brought  from  distant  countries. 

So  it  has  been  with  dogs;  our  present  fox-hounds  differ 
fi*om  the  old  English  hound ;  our  greyhounds  have  become 
lighter :  the  Scotch  deer-hound  has  been  modified,  and  is  now 
rare.  Our  bulldogs  differ  from  those  which  were  formerly 
used  for  baiting  bulls.  Our  pointers  and  Newfoundlands  do 
not  closely  resemble  any  native  dog  now  found  in  the  countries 
whence  they  were  brought.  These  changes  have  been  effected 
partly  by  crosses ;  but  in  every  case  the  i*esult  has  been 
governed  by  the  strictest  selection.  Nevertheless,  there  is  no 
reason  to  suppose  that  man  intentionally  and  methodically 
made  the  breeds  exactly  what  they  now  are.  As  our  horses 
became  fleeter,  and  the  country  more  cultivated  and  smoother, 
fleeter  fox-hounds  wera  desired  and  produced,  but  praltabl^' 
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without  any  one  difltinctly  foreeeeing  what  thej  would  become. 
Our  pointers  and  setters,  the  latter  almost  oertainly  descended 
from  large  spaniels,  have  been  greatly  modified  in  accordance 
with  fashion  and  the  desire  for  increased  speed.  Wolves  have 
become  extinct,  and  so  has  the  wolf-dog ;  deer  have  become 
rarer,  bulls  are  no  longer  baited,  and  the  corresponding  breeds 
of  the  dog  have  answered  to  the  change.  But  we  may  feel 
almost  sure  that  when,  for  instance,  bulls  were  no  longer 
baited,  no  man  said  to  himself,  I  will  now  breed  my  dogs  of 
smaller  size,  and  thus  create  the  present  race.  As  circum«* 
stances  changed,  men  unconsciously  and  slowly  modifled  their 
course  of  selection. 

With  i*ace-horses  selection  for  swiftness  has  been  followed 
methodically,  and  our  horaos  now  easily  surpass  tlioir  pro- 
genitors. The  increased  size  and  different  appearance  of  the 
English  race-horse  led  a  good  observer  in  India  to  ask, "  Could 
any  one  in  this  year  of  1856,  looking  at  our  race-horses, 
conceive  that  they  wore  the  result  of  the  union  of  the  Arab 
horse  and  the  African  mare  ? "  ^'  lliis  change  has,  it  is 
probable,  been  largely  effected  through  unconscious  selection, 
that  is,  by  the  general  wish  to  brood  as  fine  horses  as  possible 
in  each  generation,  combined  with  training  and  high  feeding, 
but  without  any  intention  to  give  to  them  their  present 
appearance.  According  to  Youatt,^^  the  introduction  in  Oliver 
Crom well's  time  of  three  celebrated  Eastern  stallions  speedily 
affected  the  English  breed ;  *'  so  that  Lord  Harleigh,  one  of 
the  old  school,  complained  that  the  great  horse  was  fast  dis- 
appearing." This  is  an  excellent  proof  how  carefully  selection 
must  have  been  attended  to ;  for  without  such  care,  all  traces 
of  so  small  an  infusion  of  Eastern  blood  would  soon  have  been 
absorbed  and  lost.  Notwithstanding  that  the  dimato  of 
England  has  never  been  esteemed  particularly  favourable  to 
the  horse,  yet  long-continued  selection,  both  methodical  and 
unconscious,  together  with  that  practised  by  the  Arabs  during 
a  still  longer  and  earlier  period,  has  ended  in  giving  us  the 
best  breed  of  horses  in  the  world.     Macaulay  '^  remarks, 

'*  <The    India    Sporting  Review/  '*< The  Horn,' p.  23. 

TbI.  ii.  p.  181;  *The  Stud  Farm/  b/  ^*  <UUtorj  of  LnglaDd/  toI.  I  p 

C«dl,  p.  58.  816. 
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'*Two  men  Trliose  antbority  on  such  subjects  was  beld  in 
**  great  esteem,  tbe  Duke  of  Newcastle  and  Sir  Jobn  Fenwick, 
**  pronounced  tbat  tlio  meanest  back  over  imported  from 
'*  Tangier  would  produce  a  finer  progeny  tban  oould  be 
**  expectGfi  from  tbe  best  sire  of  our  native  breed.  Tbey 
**  would  not  readily  bave  believed  tbat  a  time  would  como 
'*  wben  tbe  princes  and  nobles  of  neigbbouring  lands  would 
*'  bo  as  eager  to  obtain  borses  from  England  as  ever  the 
«  Englisb  bad  been  to  obtain  borses  from  Barbary." 

'i'be  London  dray-borse,  wbicb  differs  so  mucb  in  appear- 
ance from  any  natural  species,  and  wbicb  from  its  size  bos  so 
astonisbed  many  Eastern  princes,  was  probably  formed  by  tbe 
beavicst  and  most  powerful  animals  baving  been  selected 
during  many  generations  in  Flanders  and  England,  but 
witbout  tbe  least  intention  or  expectation  of  creating  a  borso 
sncb  as  we  now  see.  If  wo  go  back  to  an  early  period  of 
bistory,  wo  bebold  in  tbe  antique  Greek  statues,  as  Scbaaff- 
bauscn  bas  remarked,^'  a  borse  equally  unlike  a  race  or  dray 
borsc,  and  differing  from  any  existing  breed. 

Tbe  results  of  unconscious  selection,  in  an  early  stage,  are 
well  sbown  in  tbe  difference  between  tbe  flocks  descended 
from  tbe  same  stock,  but  sepnrately  reared  b}*  careful  breeders. 
Youatt  gives  an  excellent  instance  of  tbis  fact  in  tbe  slicep 
belonging  to  Messrs.  Buckley  and  Burgess,  wbicb  **  bave  been 
purely  bred  from  tbe  original  stock  of  Mr.  BakeweU  for 
upwaixls  of  fifty  years.  Tbere  is  not  a  suspicion  existing  in 
tbe  mind  of  any  one  at  all  acquainted  witb  tbe  subject  tbat 
'*  tbe  owner  of  eitber  fiock  bas  deviated  in  any  one  instance 
'*  from  tbe  pure  blood  of  Mr.  Bakewell's  flock;  yet  tbe  differ- 
**  ence  between  tbe  sbeep  possessed  by  tbcse  two  gentlemen  is 
"  so  gi*cat,  tlutt  tbey  bave  tbe  appearance  of  being  quite 
**  different  varieties."  ^*  I  bave  seen  several  analogous  and 
well-marked  cases  witb  pigeons :  for  instance,  I  bad  a  family 
of  barbs  descended  from  tbose  long  bred  by  Sir  J.  Sebrigbt, 
and  anotber  family  long  bred  by  anotber  fancier,  and  tbe  two 
families  plainly  differed  from  eacb  otber.  Natbusius — and  a 
more  competent  witness  could  not  be  cited— observes  tbat, 
tbougb  tbe  Sbortboms  are  remarkably  uniform  in  appearance 
"  *  Ueber  Best&ndigkftitder  Arten.  '•  Youatt  on  Sheep,  p.  81ft. 
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(except  in  colour),  yet  the  indmdual  character  and  wishes  of 
each  breeder  become  impressed  on  his  cattle,  so  that  different 
herds  differ  slightly  from  one  another.^^  The  Hereford  t-attle 
assumed  their  present  well-marked  character  soon  after  the 
year  1700,  through  careful  selection  by  Mr.  Tomkins,^^  and 
the  breed  has  lately  split  into  two  strains— one  strain  having 
a  white  face,  and  differing  slightly,  it  is  said,^'  in  some  other 
points :  but  there  is  no  reason  to  believe  that  this  split,  the 
origin  of  which  is  unknown,  was  intentionally  made;  it 
may  with  much  more  probability  be  attributed  to  different 
breeders  having  attended  to  different  points.  So  ngain,  the 
Berkshire  breed  of  swine  in  the  year  18 10  had  greatly  changed 
from  wluit  it  was  in  1780;  and  since  1810  at  least  two 
distinct  sub-breeds  have  arisen  bearing  the  same  name.*® 
Keeping  in  mind  how  rapidly  all  animals  increase,  and  that 
some  must  be  annually  slaughtered  and  some  saved  for 
breeding,  then,  if  the  same  breeder  during  a  long  course  of 
years  deliberately  settles  which  shall  bo  saved  and  which 
shall  be  killed,  it  is  almost  inevitable  that  his  individual 
turn  of  mind  will  influence  the  character  of  his  stock, 
without  his  having  had  any  intention  to  modify  the  breed. 

Unconscious  selection  in  the  strictest  sense  of  the  word, 
that  is,  the  saving  of  the  more  useful  animals  and  the  neglect 
or  slaughter  of  the  less  useful,  without  any  thought  of  the 
future,  must  have  gone  on  occasionally  from  the  remotest 
period  and  amongst  the  most  barbarous  nations.  Savages 
often  suffer  from  famines,  and  are  sometimes  expelled  by  war 
from  their  own  homes.  In  such  cases  it  can  hardly  be  doubted 
that  they  would  save  their  most  useful  animals.  When  the 
Fiicgians  are  hard  pressed  by  want,  they  kill  their  old  women 
for  food  rather  than  their  dogs ;  for,  as  we  were  assui-cd, 
"  old  women  no  use — dogs  catch  otters."  The  same  sound 
sense  would  surely  lead  them  to  preserve  their  more  useful 
dogs  when  still  harder  pressed  by  famine.  Mr.  Oldiield,  who 
has  seen  so  much  of  the  aborigines  of  Australia,  informs  mo 

"  <Ucber     Shcrthorn    Rindvieh,'  *•  <  Quarterly  Reriew,'    1849,    p. 

1857,  ft.  51,  893. 

'*  Low,    '  Domestkatod  Aaimals,*  **  H.  ron  Nathnsins,  '  Vontadloo 

1815,  p.  368.  ....  SchveiuetchaUlel/ 1864,1. 140. 
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ihat  **  thej  are  all  very  glad  to  get  a  European  kangaroo  dog, 
and  several  inBtances  have  been  known  of  the  father  killing 
his  own  infant  that  the  mother  might  suckle  the  much-prized 
puppy."  Different  kinds  of  dogs  would  be  useful  to  the 
Australian  for  hunting  opossums  and  kangaroos,  and  to  the 
Fuegian  for  catching  fish  and  otters;  and  the  occasional 
preservation  in  the  two  countries  of  the  most  useful  animals 
would  ultimately  load  to  the  formation  of  two  widely  distinct 
broods. 

With  plants,  from  the  earliest  dawn  of  oivilisation,  iho  best 
variety  which  was  known  would  generally  have  been  cultivated 
at  each  period  and  its  seeds  occasionally  sown ;  so  Ihat  there 
will  have  been  some  selection  from  an  extremely  remote 
peiiod,  but  without  any  prefixed  standard  of  excellence  or 
thought  of  the  future.  We  at  the  present  day  profit  by  a 
course  of  selection  occasionally  and  unconsciously  earned  on 
during  thousands  of  years.  This  is  proved  in  an  interesting 
manner  by  Oswald  lloor's  rescaixshes  on  the  lake-inhabitants 
of  Switzerland,  as  given  in  a  former  chapter ;  for  he  shows 
that  the  grain  and  seed  of  our  present  varieties  of  wheat, 
barley,  oats,  peas,  beans,  lentils,  and  poppy,  exceed  in  size 
those  which  were  cultivated  in  Switzerland  during  the 
Neolithic  and  Bronze  periods.  These  ancient  people,  during 
the  Neolithic  period,  possessed  also  a  crab  considerably  larger 
than  that  now  growing  wild  on  the  Jura.*^  The  pears  described 
by  Pliny  were  evidently  extremely  inferior  in  quality  to  our 
present  pears.  We  can  realise  the  effects  of  long-continued 
selection  and  cultivation  in  another  way,  for  would  any  one 
in  his  senses  expect  to  raise  a  first-rate  apple  from  the  seed  of 
a  truly  wild  crab,  or  a  luscious  melting  pear  from  the  wild 
pear?  Alphonse  do  CandoUe  informs  me  that  he  has  lately 
seen  on  an  ancient  mosaic  at  Bome  a  representation  of  the 
melon ;  and  as  the  Romans,  who  were  such  gourmands,  are 
silent  on  this  fruit,  he  infers  that  the  melon  has  been  greatly 
ameliorated  since  the  classical  period. 

Coming  to  later  times,  Buffon,^'  on  comparing  the  flowei'H, 

•t  8e$    also    Dr.  Christ,  in  Ruti-  **  The  passage  it  given,  <  Boll.  Soc 

mejer's  <Pfahlbanten,'  IStil,  s.  22d.        d'Acclimat.,'  135S,  p.  11. 
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fruit,  and  vegetables  which  were  then  cultivated  with  some 
excellent  drawings  made  a  hundred  and  fiftj  years  previously, 
was  struck  with  surprise  at  the  great  improvement  which  had 
been  effected;  and  remarks  that  these  ancient  flowers  and 
vegetables  would  now  be  rejected,  not  only  by  a  florist  but  by 
a  villago  gai-donor.  Since  the  time  of  Buffon  the  work  of 
impix)vomout  has  steadily  and  mpidly  gone  on.  Every  florist 
who  compares  our  present  flowers  with  those  figured  in  books 
published  not  long  since,  is  astonished  at  the  change.  A  well- 
known  amateur,^  in  speaking  of  the  varieties  of  Pelargonium 
raised  by  Mr.  Garth  only  twenty-two  years  before,  remarks, 
**  What  a  rage  they  excited :  surely  we  had  attained  perfection, 
**  it  was  said ;  and  now  not  one  of  the  flowers  of  those  days 
^  will  bo  looked  at.  But  none  the  loss  is  the  debt  of  gratitude 
*'  which  we  owe  to  those  who  saw  what  was  to  bo  done,  and 
**  did  it."  Mr.  Paul,  the  well-known  horticulturist,  in  writing 
of  the  same  flower,*^  says  he  remembers  when  young  being 
delighted  with  the  portraits  in  Swcet*s  work  ;  *'  but  what  are 
**  they  in  point  of  beauty  compared  with  the  Pelargoniums  of 
*'  this  day  ?  Here  again  nature  did  not  advance  by  leaps ; 
**  the  improvement  was  gradual,  and  if  wo  had  neglected 
'*  those  very  gradual  advances,  we  must  have  foregone  the 
'*  present  grand  results."  How  well  this  practical  horti- 
culturist appreciates  and  illustrates  the  gradual  and  accumu- 
lative foi'ce  of  selection !  The  Dahlia  has  advanced  in  beauty 
in  a  like  manner ;  the  line  of  improvement  being  guided  by 
fashion,  and  by  the  sucessive  modifications  which  the  flower 
slowly  underwent.^^  A  steady  and  gradual  change  has  been 
noticed  in  many  other  flowors:  thus  an  old  florist,*'  after 
describing  tho  leading  varieties  of  the  Pink  which  wifre 
grown  in  1813,  adds,  '*  the  pinks  of  those  days  would  now  be 
**  scarcely  grown  as  border-flowers.'*  The  improvement  of 
so  many  flowers  and  the  number  of  tho  varieties  which  have 
been  raised  is  all  the  more  striking  when  we  hear  that  the 

*'  '  Journal  o£  Horticalture,'  186*2,  FloricuU.  Soc.,  ia  *  Gardener*!  Chro- 

p.  394.  nicle,'  1843,  p.  86. 

*«  'Gardener's    Chronicle,'    1857,  **<  Journal  of  Uorticullnre/  Oct 

p.  85.  24th,  18G5,  p.  239. 

••  S$0  Mr.  Wildman*s  «4dreM  to  the 
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earliest  known  flower-garden  in  Europe,  namely  at  Padua, 
dates  only  from  tho  year  1545.®^ 

Effects  of  Selection,  as  shown  hy  ilic  parts  most  valued  by  man 
presenting  the  greatest  amount  of  difference. — Tho  power  of  long- 
continued  selection,  whether  methodical  or  unconscious,  or 
1x)th  combined,  is  well  shown  in  a  general  way,  namely,  by 
the  comparison  of  the  difieronces  between  tho  varieties  of  dis- 
tinct species,  which  are  valued  for  different  i>arts,  such  ns  for 
tho  leaves,  or  stems,  or  tubers,  the  seed,  or  fruit,  or  flowers. 
Whatever  part  man  values  most,  that  part  will  bo  found  to 
present  the  greatest  amount  of  difference.  With  trees  culti- 
vated for  their  fiiiit,  Sageret  remarks  that  the  fruit  is  larger 
than  in  the  parent-species,  whilst  with  thoso  cultivatod  for 
the  seed,  as  with  nuts,  walnuts,  almonds,  chestnuts,  t&c,  it  is 
the  seed  itself  which  is  larger ;  and  ho  accounts  for  this  fact 
by  tho  fruit  in  tho  ono  case,  and  by  tho  seed  in  the  other, 
having  been  carefully  attended  to  and  selected  during  many 
ages.  Gallcsio  has  made  tho  same  observation.  Godrou 
insists  on  tho  diversity  of  tho  tuber  in  tho  potato,  of  the  bulb 
in  tho  onion,  and  of  the  fruit  in  the  melon ;  and  on  tho  close 
similarity  of  tho  other  parts  in  these  same  plants.^^ 

In  order  to  judge  how  far  my  own  impression  on  this 
subject  was  correct,  I  cultivated  numerous  varieties  of  the 
same  species  close  to  one  another.  The  comparison  of  the 
amount  of  difference  between  widely  different  organs  is  noces- 
sai'ily  vague ;  I  will  therefore  give  the  results  in  only  a  few 
cases.  We  have  previously  seen  in  the  ninth  chapter  how 
groatly  the  varieties  of  tho  cabbage  differ  in  their  foliage  and 
stems,  which  are  the  selected  parts,  and  how  closely  they  re- 
semble one  another  in  their  flowei*s,  capsules,  and  seeds.  In 
seven  varieties  of  the  radish,  the  roots  differed  greatly  in 
colour  and  shape,  but  no  difference  whatever  could  bo  detected 
in  their  foliage,  flowers,  or  seeds.    Now  what  a  contrast  is 

*'  Presoott'a  *  Iliat.  of  Mexico,'  rol.  olcrenth  chapters  I  have  gircndctnila 

U.  n.  Gl.  on  the  ]}otato;  nnil   I  can  confirm 

**  Sagaret,   *  Pomologia    Phrsiolo-  similar  remarks  with  respect  to  the 

gique,' IS^iO,  p.  47 ;  GaTlesio,  *Teor{a  onion.    I  have  also  shown  how  far 

delta    Riproduzione,'   1816,     pw  88;  Kaudin   ooncars  in    regard    to  th« 

Godron,  *  De  I'Csp^'  1859,  torn.  ii.  rarieties  of  the  melon, 
pp.  63,  67,  70;    In  my  t«ath  and 
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presontod,  if  we  oompare  the  ilowers  of  the  varieties  of  these 
two  plants  with  those  of  any  species  cultivated  in  our  flower- 
gardens  for  ornament;  or  if  we  compare  their  seeds  with 
those  of  the  varieties  of  maize,  peas,  beans,  i^c.,  which  are 
valued  and  cultivated  for  their  seeds.  In  the  ninth  chapter 
it  was  shown  that  the  varieties  of  the  pea  diflfor  but  little 
except  in  the  tallness  of  the  plant,  moderately  in  the  shape  of 
the  pod,  and  greatly  in  the  pea  itself,  and  these  are  all  selected 
l^oints.  The  varieties,  however,  of  the  Poi$  $av8  parchemtn 
differ  much  moi'e  in  their  pods,  and  these  are  eaten  and  valued. 
I  cultivated  twelve  varieties  of  the  common  bean ;  one  alone, 
the  Dwarf  Fan,  differed  considerably  in  general  appearance ; 
two  differed  in  the  colour  of  their  flowers,  one  being  an  albino, 
and  the  other  being  wholly  instead  of  partially  purple ;  several 
differed  considerably  in  the  shape  and  size  of  the  pod,  but  far 
more  in  the  bean  itself,  and  this  is  the  valued  and  selected  part. 
Toker's  bean,  for  instance,  is  twice-and-a-half  as  long  and 
broad  as  the  horse-beau,  and  is  much  thinner  and  of  a  different 
shape. 

'i'he  varieties  of  the  gooseberry,  as  formerly  described,  differ 
much  in  their  fruit,  but  hardly  perceptibly  in  their  flowera  or 
organs  of  vegetation.  With  the  plum,  the  differences  likewise 
appear  to  be  gi'catcr  in  the  fruit  than  in  the  flowers  or  leaves. 
On  the  other  hand,  the  seed  of  the  strawberry,  which  corre- 
sponds with  the  fruit  of  .the  plum,  differs  hardly  at  all ;  whilst 
every  one  knows  how  greatly  the  fruit — that  is,  the  enlarged 
receptacle  —  differs  in  several  varieties.  In  apples, .  pears, 
and  peaches  the  flowers  and  leaves  differ  considerably,  but  not, 
as  far  as  I  can  judge,  in  proportion  with  the  frait.  The 
Chinese  double- flowering  peaches,  on  the  other  hand,  show 
that  varieties  of  this  tree  have  been  formed,  which  differ 
more  in  flower  than  in  fruit.  If,  as  is  highly  probable,  the 
peach  is  the  modified  descent  of -the  almond,  a  surprising 
amount  of  change  has  been  effected  in  the  same  species, 
in  the  fleshy  covering  of  the  former  and  in  the  kernels  of  the 
latter. 

When  parts  stand  in  dose  relationship  to  each  other,  siich 
as  the  seed  and  the  fleshy  covering  of  the  fruit  (whatever 
its  homological  nature  may  be),  changes   in  the  one  are 
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nauallj  aooompanied  by  modifioations  in  the  other,  though 
not  necesBarily  to  the  Bomo  degree.  With  the  plum-tree, 
for  instanoe,  some  variotioa  produce  plums  which  are  nearly 
alike,  but  include  stones  extremely  dissimilar  in  shape; 
whilst  conversely  other  varieties  produce  dissimilar  fruit 
with  barely  distinguishable  stones ;  and  generally  the  stones, 
though  they  have  never  been  subjected  to  selection,  differ 
greatly  in  the  several  varieties  of  the  plum.  In  other 
cases  organs  which  are  not  manifestly  related,  through 
some  unknown  bond  vary  together,  and  are  consequently 
liable,  without  any  intention  on  man's  part,  to  bo  simul- 
taneously acted  on  by  selection,  'i'hus  the  varieties  of  the 
stock  (Matthiola)  have  been  selected  solely  for  the  beauty  of 
their  flowers,  but  the  seeds  differ  greatly  in  colour  and  some- 
what in  size.  Varieties  of  the  lettuce  have  been  selected  solely 
on  account  of  their  leaves,  yet  produce  seeds  which  likewise 
differ  in  colour.  Generally,  through  the  law  of  correlation, 
when  a  variety  differs  greatly  from  its  follow- varieties  in  any 
one  character,  it  differs  to  a  certain  extent  in  seveiul  other 
characters.  I  observed  this  fact  when  I  cultivated  together 
many  varieties  of  the  same  species,  for  I  used  first  to  make  a  list 
of  the  varieties  which  differed  most  from  each  other  in  their 
foliage  and  manner  of  growth,  afterwards  of  those  that  differed 
most  in  their  flowers,  then  in  their  seed-capsules,  and  lastly 
in  their  mature  seed  ;  and  I  found  that  the  same  names  gene- 
rally occuiTed  in  two,  three,  or  four  of  the  successive  lists. 
Nevertheless  the  greatest  amount  of  difference  between  the 
varieties  was  always  exhibited,  as  far  as  I  could  judge,  by 
that  part  or  organ  for  which  the  plant  was  cultivated. 

When  we  bear  in  mind  that  each  plant  was  at  first  culti- 
vated because  useful  to  man,  and  that  its  variation  was  a 
subsequent,  often  a  long  subsequent,  event,  we  cannot  explain 
the  greater  amount  of  diversity  in  the  valuable  parts  by 
supposing  that  species  endowed  with  an  especial  tendency  to 
vary  in  any  particular  manner  were  originally  chosen.  We 
must  attribute  the  result  to  the  variations  in  these  ])art8 
having  been  successively  presel'ved,  and  thus  continually 
augmented;  whilst  other  variations,  excepting  such  as  in- 
evitably appeared  through  correlation,  were  neglocted  and 
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lost.  Wo  may  thoi-oforo  infer  that  most  plants  might  lie 
mado,  through  long-oontinuod  soloction,  to  yiold  races  as 
diffci'ent  from  ono  another  in  any  character  as  they  now  are 
in  those  parts  for  which  they  are  valued  and  cultivated. 

AVith  animals  we  see  nothing  of  the  same  kind ;  hut  a 
sufficient  number  of  species  have  not  been  domesticated  for  a 
fuir  comparison.  Sheep  aro  valued  for  their  wool,  and  t]ie 
wool  differa  nuich  more  in  the  several  itioos  than  the  hair  in 
cattle.  Keither  sheep,  goats,  Eui*opean  cattle,  nor  pigs  are 
valued  for  their  flcctncss  or  uti*ength ;  and  we  do  not  possess 
breeds  differing  in  these  respects  like  the  race-horse  and  dray- 
horae.  Bat  fleetness  and  strength  are  valued  in  camels  and 
dogs ;  and  we  have  with  tlie  former  the  swift  dromedaiy  and 
heuvy  camel;  with  the  latter  the  greyhound  and  mastiff. 
But  dogs  are  valued  even  in  a  higher  degree  for  their  mental 
qualities  and  senses;  and  every  one  knows  how  gi'catly 
the  races  differ  in  these  respects.  On  the  other  hand,  where 
the  dog  is  kept' solely  to  sei've  for  food,  as  in  the  Polynesian 
islands  and  China,  it  is  described  as  an  extremely  stupid 
animal.^*     Blumenbach  remarks  that  "  many  dogs,  such  as 

the  badger-dog,  have  a  build  so  marked  and  so  appropriate 

for  particular  purposes,  that  I  should  find  it  very  difHcult 
'*  to  pei'suade  myself  that  this  astonishing  figure  was  an 
**  accidental  consecpienoe  of  degeneration."  ••*  Had  Blumen- 
bach reflected  on  the  great  principle  of  selection,  he  would  not 
have  used  the  term  degenei*ation,  and  he  would  not  have  been 
astonished  that  dogs  and  other  animals  should  heeome  excel- 
lently adapted  for  the  service  of  man. 

On  the  whole  we  may  conclude  that  whatever  part  or 
ohamcter  is  most  valued — whether  the  leaves,  stems,  tutors, 
bulbs,  fiowei's,  fmit,  or  seed  of  plants,  or  the  size,  strength, 
fleetness,  haiiy  covenng,  or  intellect  of  animals — that  cho- 
itieter  will  almost  invariably  be  found  to  present  the  greatest 
amount  of  difference  both  in  kind  and  degree.  And  this 
result  may  be  safely  attributed  to  man  having  presei*ved 
during  a  long  oourae  of  generations  the  variations  which 
were  useful  to  him,  and  neglected  the  others. 

**  GodruQ,  *De  I'Espdco,'  torn.  ii.  **  'The  Anthronologicnl  TrentUef 

p.  27.  of  BlumonUch/  1S5G,  p.  202. 
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I  will  conclude  this  chapter  by  some  reinaiks  on  an  im- 
portant subject.  With  animals  such  as  the  giraffe,  of  which 
the  whole  structme.is  admirably  co-ordinated  for  certain  pur- 
poses, it  has  been  supposed  that  all  the  parts  must  have  been 
simultaneously  modified ;  and  it  has  been  argued  that^  on  the 
principle  of  natural  selection,  this  is  scarcely  possible.  But  in 
thus  arguing,  it  has  been  tacitly  assumed  that  the  variations 
must  have  been  abrupt  and  great.  No  doubt,  if  the  neck 
of  a  ruminant  were  suddenly  to  become  greatly  elongated, 
the  fore  limbs  and  back  would  have  to  be  simultaneously 
strengthened  and  modified ;  but  it  cannot  be  denied  that  an 
animal  might  have  its  neck,  or  head,  or  tongue,  oi*  foro-limbs 
elongated  a  very  little  without  any  corresponding  modifica- 
tion in  other  parts  of  the  body ;  and  animals  thus  slightly 
modified  would,  during  a  dearth,  have  a  slight  advantage, 
and  bo  enabled  to  browse  on  higher  twigs,  and  thus  survive, 
A  few  mouthfuls  more  or  less  every  day  woujd  make  all  the 
difference  between  life  and  death.  By  the  repetition  of  the 
same  process,  and  by  the  occasional  intercrossing  of  the  sur- 
vivors, there  would  be  some  progpress,  slow  and  fluctuating 
though  it  would  be,  towards  the  admirably  co-ordinated 
structure  of  the  giraffe.  If  the  short-faced  tumbler-pigeon, 
with  its  small  conical  beak,  globular  head,  rounded  body, 
short  wings,  and  small  feet — characters  which  appear  all  in 
harmony— had  been  a  natural  species,  its  whole  structure 
would  liavo  been  viewed  as  well  fitted  for  its  life ;  but  in  this 
case  we  know  that  inexperienced  breeders  are  urged  to  attend 
to  point  after  point,  and  not  to  attempt  improving  the  whole 
structure  at  the  same  time.  Look  at  the  greyhound,  that 
perfect  imago  of  grace,  symmetry,  and  vigour ;  no  natural 
species  can  boast  of  a  more  admirably  co-ordinated  structure^ 
with  its  tapering  head,  slim  body,  deep  chest,  tucked-up 
abilomon,  rat-liko  tail,  and  long  muscultu:  limbs,  all  adapted 
for  extreme  fleotness,  and  for  ^running  down  weak  prey. 
Now,  from  what  wo  see  of  the  variability  of  animals,  and 
fiom  what  we  know  of  the  method  which  different  men  follow 
in  improving  their  stock — some  chiefly  attending  to  one 
point,  others  to  another  point,  others  again  correcting  defects 
by  crosses,  and  so  forth — we  may  feel  assured  that  if  we 
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could  see  the  long  line  of  ancestors  of  a  first-rate  greyhound 
up  to  its  wild  -wolf-like  progenitor,  -  we  should  behold  an 
infinite  number  of  the  finest  gradations,  sometimes  in  one 
character  and  sometimes  in  another,  but  all  leading  towards 
our  present  perfect  type.  By  small  and  doubtful  steps  such 
as  these,  nature,  as  wo  may  confidently  believe,  has  progix*S8ed, 
on  her  grand  march  of  improvement  and  development. 

A  similar  lino  of  reasoning  is  as  applicable  to  separate 
organs  as  to  the  whole  organisation.  A  writer*^  has  recently 
maintained  that  "it  is  probably  no  exaggeration  to  suppose 
**  that  in  order  to  improve  such  an  organ  as  the  eye  at  all, 
it  must  be  improved  in  ten  different  ways  at  once.  And 
the  improbability  of  any  complex  organ  being  produced 
and  brought  to  perfection  in  any  such  way  is  an  im- 
probability of  the  same  kind  and  degree  as  that  of  producing 
"  a  poem  or  a  mathematical  demonstration  by  throwing 
"  letters  at  random  on  a  table."  If  the  eye  wero  abruptly 
and  greatly  modified,  no  doubt  many  parts  would  have  to  be 
simultaneously  altered,  in  order  that  the  organ  should  remain 
Ber\4ceable. 

But  is  tliis  the  case  with  smaller  changes  ?  There  are 
persons  who  can  see  distinctly  only  in  a  dull  light,  and  this 
condition  depends,  I  believe,  on  the  abnormal  sensitiveness  of 
the  retina,  and  is  known  to  be  inherited.  Now  if  a  bird,  for 
instance,  receive  some  great'  advantage  from  seeing  well  in 
the  twilight,  all  the  individuals  with  the  most  sensitive 
retina  would  succeed  best  and  be  the  most  likely  to  survive ; 
and  why  should  not  all  those  which  happened  to  have  the  eye 
itself  a  little  larger,  or  tlie  pupil  capable  of  greater  dilatation, 
be  likewise  preserved,  whether  or  not  these  modifications 
were  strictly  simultaneous?  These  individuals  would  sub- 
(^equently  intercross  and  blend  their  respective  advantages. 
By  such  slight  sucoossive  changes,  the  eye  of  a  diurnal  bird 
would  be  brought  into  the  condition  of  that  of  an  owl,  which 

**  Mr.  J.  J.  Hurphy,  in  bin  opening  cautiously  given    by    tbo    Rer.   C. 

address  to  the  Beltiist  Nat  Hist.  Soc.,  Pritchard,  Pres.  Royal  Astronomical 

aji  given  in  tha  '  Belfast  Northern  Soc,  in  his  sermon  (Ap|)endii,  p.  83) 

Whig/  Nov.  19,  1866.     Mr.  Murphy  preached  before  the  British  Associa* 

here  follows  the  line  of  argument  tion  at  Nottingham,  1866. 
against  my  views  previously  and  more 
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has  often  boon  advanced  as  an  oxcollent  instance  of  adapta- 
tion. Short-sight,  ^vhich  is  often  inhoritod,  permits  a  person 
to  see  distinctly  a  minute  object  at  so  near  a  distance  that  it 
would  bo  indistinct  to  ordinary  eyes ;  and  here  we  have  a 
capacity  which  might  be  serviceable  under  certain  conditions* 
abruptly  gained.  The  Fuegians  on  board  the  Beagle  could 
certainly  see  distant  objects  more  distinctly  than  our  sailors 
with  all  their  long  practrce;  I  do  not  know  whether  tliis 
depends  upon  sensitiveness  or  on  the  power  of  adjustment  in 
the  focus ;  but  this  capacity  for  distant  vision  might,  it  is 
probable,  be  slightly  augmented  by  successive  modifications 
of  either  kind.  Amphibious  animals  which  are  enabled  to 
see  both  in  the  water  and  in  the  air,  require  and  possess,  as 
M.  Plateau  has  shown,'^  eyes  constructed  on  the  following 
plan :  *'  the  cornea  is  always  flat,  or  at  least  much  flattened 
in  the  front  of  the  crystalline  and  over  a  space  equal  to  the 
diameter  of  that  lens,  whilst  the  lateral  portions  may  be 
much  curved."  The  crystalline  is  very  nearly  a  sphere,  and 
the  humours  have  nearly  the  same  density  as  water.  Now 
as  a  terrcvstrial  animal  became  more  and  more  aquatic  in  its 
habits,  very  slight  changes,  first  in  the  curvature  of  the 
cornea  or  crystalline,  and  then  in  the  density  of  the  humours, 
or  conversely,  might  successively  occur,  and  would  be  advan- 
tageous to  the  animal  whilst  under  water,  without  senous 
detriment  to  its  power  of  vision  in  the  air.  It  is  of  course 
impossible  to  conjecture  by  what  steps  the  fundamental 
structure  of  the  eye  in  the  Ycrtebrata  was  originally  acquired, 
for  we  know  nothing  about  this  organ  in  the  first  progenitors 
of  the  class.  With  respect  to  the  lowest  animals  in  the  scale, 
the  transitional  states  through  which  the  eye  at  first  probably 
passed,  can  by  the  aid  of  analogy  be  indicated,  as  I  have 
attempted  to  show  in  my  *  Origin  of  Species.'  *^ 

**  On   tli«  Yision  of   Fishes  and       p.  409. 
Amphibia,  translated  in  *  Annals  and  **  Sixth  edition,  1S7S,  pu  144 

Mag.  of  Mat.  Hist.,'  toI.  zviii.,  1866, 
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CHAPTER  XXL 
.  SELECTiox,  continued, 

VAmtAL  BBLECnON  A8  AFFBCTUfO  DOMESnO  PBODL'CTIONB — OnARACTEBI 
WHICH  AITKAD  OF  TRIFLDfO  TALUB  OFTEN  OF  HEAL  UirOBTANCK— 
OIBCUlfSTANORB  rATOCIlABUB  TO  BBUECTIOK  BT  AIAN  —  FACILITY  IV 
rnEVRNTlNO  CR068E8,  AND  THB  NATUBB  OF  THE  CONDITIONS — CIj06B 
ATTENTION  AND  PBHSEYEBANOB  INDI8PEN8ABLB— THB  PBODUCTION  OF  A 
LARGE  NT7UBEB  OF  INDIVIDUALS  E8FECIALLT  rATOUBABLE — WHEN  NO 
SELECnON  IS  APPLIED,  DISTINCT  RACES  ABB  NOT  FORMED — HIGHLY-BRED 
ANIMALS  L1ADLB  TO  DEGENERATION— TENDENCY  IN  MAN  TO  CARRY  TUB 
SELVCnOff  OF  EACH  CHARACTER  TO  AN  EXTREME  POINT,  LEADING  TO 
DIYBROENCB  OF  aiARAGTER,  RARELY  TO  OONYEBGENCB  —  CIIARACTRKS 
CONTINriNO  TO  VARY  IN  THB  SAME  DIRECTION  IN  IVUICU  THEY  HAVE 
ALREADY  TARISD— DITEfiGENOB  OF  CHARACTER,  mriTH  THE  EXTINCTION 
OF  INTERMEDIATE  YARIETIK8,  LEADS  TO  DISTINCTNESS  IN  OUR  DOMESTIO 
RACES — UMIT  TO  THB  POWER  OF  SELECTION — LAPSE  OF  TIME  IMPORTANT 
— ^MANNEB  IN  WHICH  DOMSSriO  RACES  HAVE  OIUGINATED—BCMUABY. 

Natural  Selection,  or  the  Survival  of  tite  Fittest,  as  affecting 
domfstie  productions, — We  know  littlo  on  this  head.  But  as 
animals  kept  by  savages  have  to  provido  throughout  the  year 
their  own  food  either  entirely  or  to  a  large  extent,  it  can 
hardly  bo  doubted  that  in  different  countries,  varieties  dif- 
fering in  constitution  and  in  Tarious  characters  would 
succeed  best,  and  so  be  naturally  selected.  Hence  perhaps  it 
is  that  the  few  domesticated  animals  kept  by  savages  partake, 
as  has  been  remarked  by  more  than  one  writer,  of  the  wild 
appearance  of  their  masters,  and  likewise  resemble  natural 
species.  Even  in  long-civilised  countries,  at  least  in  the 
wilder  parts,  natural  selection  must  act  on  our  domestic  races.  < 
It  is  obvious  that  varieties  having  very  differenc  habits,  consti- 
tution, and  structiire,  would  succeed  best  on  mountains  and 
on  rich  lowland  pastures.  For  example,  the  improved  Lei- 
cester sheep  were  formerly  taken  to  the  Lammermuir  Hills ; 
but  an  intelligent  sheep-master  reported  that  *'our  coarse 
"  lean  pastures  were  unetjual  to  the  task  of  supporting  such 
**  heavy-bodied  sheep ;  and  they  gradually  dwindled  away 
**  into  less  and  less  bulk :  each  generation  was  inferior  to  tiio 
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procoding  ono;  and  when  the  spring  was  sototo,  seldom 
"  more  than  two-t1iii*d8  of  the  lambs  snryived  the  ravages  of 
**  the  storms."  ^  So  with  the  mountain  cattle  of  North  Wales 
and  the  Hebrides,  it  has  been  found  that  they  conld  not 
withstand  being  crossed  with  the  larger  and  moro  delicate 
lowland  breeds.  Two  French  naturalists,  in  describing  the 
horses  of  Circassia,  remark  that,  subjected  as  they  are  to 
extreme  vicissitudes,  of  climate,  having  to  search  for  scanty 
pasture,  and  exposed  to  constant  danger  from  wolves,  the 
strongest  and  most  vigorous  alone  survive.' 

Every  one  must  have  been  struck  with  the  surpassing 
grace,  strength,  and  vigour  of  the  Game-cock,  with  its  bold 
and  confident  air,  its  long,  yet  firm  neck,  compact  body, 
powerfiil  and  closely  pressed  wings,  muscular  thighs,  strong 
beak  massive  at  the  base,  dense  and  shai-p  spurs  set  low  on 
the  legs  for  delivering  the  fatal  blow,  and  its  compact,  glossy, 
and  niail-liko  plumage  serving  as  a  defence.  Now  the  En- 
glish game-cock  lias  not  only  been  improved  during  many 
yeai-s  by  man's  careful  selection,  but  in  addition,  as  Mr. 
Tegetmeier  has  remarked,'  by  a  kind  of  natural  selection,  for 
the  strongest,  most  active  and  courageous  birds  have  stricken 
down  their  antagonists  in  the  cockpit,  generation  after  gene- 
ration, and  have  .subsequently  served  as  the  progenitora  of 
their  race.  The  same  kind  of  double  selection  has  come  into 
play  with  the  carrier  pigeon,  for  during  their  training  the 
inferior  birds  fail  to  return  home  and  are  lost,  so  that  even 
without  selection  by  man  only  the  superior  birds  propagate 
their  race.  ♦ 

In  Great  Britain,  in  former  times,  almost  every  district 
]iad  it«  own  breed  of  cattle  and  sheep ;  **  they  were  indigenous 
*'  to  the  soil,  climate,  and  pasturage  of  the  locality  on  which 
*'  they  grazed :  they  seemed  to  have  been  formed  for  it  and 
"  by  it."  ^  But  in  this  case  we  are  quite  unable  to  disentangle 
the  eflfects  of  the  direct  action  of  the  conditiouH  of  life,— of 
use  or  habit — of  natural  selection— and  of  that   kind   of 

>  Quoted  bv  Yonntt  on  Sheep,  p.  riii.,  1861,  p.  Sll. 
325.     &tf  also  Youutt  on  Cattle,  pp.  *  <Thc  Poultry  Book,'  18GG,  p.  123. 

62.  G9.  Mr.  Tegutmeier. '  The  Homing  or  (Jar* 

*  11 M.  Lherbette  and  De  Qnatre-  ricr  Pigeon,'  1871,  pp.  4.5-n8. 
lagca,  in '  Dull.  Soc  d'AccHmat.,'  tcm.  *  Youatt  on  Sheep,  p.  312. 
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soleciion  vrhich  we  have  seen  is  oocasionally  and  tiiicon« 
ficiously  followed  bj  man  even  during  the  rudest  periods  of 
history. 

Let  us  now  look  to  the  action  of  natural  selection  on  special 
characters.  Although  nature  is  difficult  to  resist,  yet  man 
often  strives  against  her  power,  and  sometimes  with  success. 
From  the  facts  to  bo  given,  it  will  also  be  seen  that  natural 
selection  would  powerfully  affect  many  of  onr  domestic  pro- 
ductions if  left  unprotected.  This  is  a  point  of  much  interest^ 
for  we  thus  learn  that  differences  apparently  of  very  slight 
importance  would  certainly  determine  the  survival  of  a  form 
Mrhen  forced  to  struggle  for  its  own  existence.  It  may  have 
occurred  to  some  naturalists,  as  it  formerly  did  to  mo,  that, 
though  selection  acting  under  natural  conditions  would 
determine  the  structure  of  all  important  organs,  yet  that  it 
could  not  affect  charactera  which  are  esteemed  by  us  of  little 
importance ;  but  this  is  an  error  to  which  we  are  eminently 
liable,  from  our  ignorance  of  what  characters  are  of  real  value 
to  each  living  creature. 

When  man  attempts  to  make  a  breed  with  some  serious 
defect  in  structure,  or  in  the  mutual  relation  of  the  several 
parts,  ho  will  partly  or  completely  fail,  or  encounter  much 
difficulty ;  he  is  in  fact  resisted  by  a  form  of  natural  seleotion. 
We  have  seen  that  an  attempt  was  once  niade  in  Yorkshire 
to  breed  cattle  with  enormous  buttocks,  but  the  cows  polished 
so  often  in  bringing  forth  their  calves,  that  the  attempt  had 
to  be  given  up.  In  rearing  short-faced  tumblers,  Mr.  Eaton 
says,^  '*  I  am  convinced  that  better  head  and  beak  butb  have 
«  perished  in  the  shell  than  ever  were  hatched ;  the  reason 
**  being  that  the  amazingly  short-faced  bird  cannot  reach  and 
"  break  the  shell  with  its  beak,  and  so  perishes."  Here  is 
a  more  curious  caso,  in  which .  natural  ficlcction  comes  into 
play  only  at  long  intervals  of  time :  during  ordinary  seasons 
the  Niata  cattle  can  graze  as  well  as  others,  but  occasionally^ 
as  from  1827  to  1830,  the  plains  of  La  Plata  suffer  fi*om  long- 
continued  droughts  and  the  pasture  is  burnt  up;  at  such' 
times  common  cattle  and  horses  perish  by  the  thousand,  but 
many  survive  by  browsing  on  twigs,  reeds,  &c. ;  this  the 

'  'TnatiM  00  the  Almond  Tumbler/  18ol,  p.  33. 
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Niata  cattle  cannot  ao  well  effect  from  tbeir  upturned  jaws 
and  the  shape  of  their  lips ;  consequently,  if  not  attended  to, 
the}'  perish  before  the  other  cattle.  In  Columbia,  according 
to  Boulin,  there  is  a  breed  of  nearly  liairless  cattle,  called 
Pelones ;  these  succeed  in  their  native  hot  district,  but  are 
found  too  tender  for  the  Cordillera;  in  this  case,  however, 
natural  selection  determines  only  the  range  of  the  variety. 
It  is  obvious  that  a  host  of  artificial  I'aces  could  never  survive 
in  a  state  of  nature ; — such  as  Italian  greyhounds, — hairless 
and  almost  toothless  Turkish  dogs, — faiitail  pigeons,  which 
cannot  fly  well  against  a  strong  wind, — barbs  and  relish 
fowls,  with  their  vision  impeded  by  their  eye  wattles  and 
groat  topknots, — hornless  bulls  and  rams,  which  consequently 
cannot  cope  with  other  males,  and  thus  have  a  i)Oor  chance 
of  leaving  offspring,— seedless  plants,  and  many  other  such 
cases. 

Colour  is  generally  esteemed  by  the  s^'stematic  naturalist 
as  unimportant :  lot  us,  therefore,  see  how  far  it  indirectly 
affects  our  domestic  productions,  and  how  far  it  would  affect 
them  if  they  were  left  exposed  to  the  full  force  of  natural 
selection.  In  a  future  chapter  I  shall  have  to  show  that  con« 
stitutional  peculiarities  of  the  strangest  kind,  entailing 
liability  to  the  action  of  certain  x)oisons,  are  con'elated  with 
the  colour  of  the  skin.  I  will  here  give  a  single  case,  on  the 
high  authority  of  Professor  Wyman;  he  informs  me  that, 
being  surprised  at  all  the  pigs  in  a  part  of  Virginia  being 
black,  he  made  inquiries,  and  ascertained  that  these  animals 
feed  on  the  roots  of  the  Lachnanthea  tinctoria,  which  colours 
their  bones  pink,  and,  excepting  in  the  case  of  the  black 
varieties,  causes  the  hoofs  to  drop  off.  Hence,  as  one  of  the 
squatters  remarked,  **we  select  the  black  members  of  the 
litter  for  raising,  as  they  alone  have  a  good  chance  of  living." 
So  that  here  we  have  artificial  and  natural  selection  work- 
ing hand  in  hand.  I  may  add  that  in  the  'J'arontino  tlie 
Inhabitants  keep  black  sheep  alone,  because  the  Hyjpericum 
crit^um  abounds  there ;  and  this  plant  does  not  injure  black 
sheep,  but  kills  the  white  ones  in  about  a  fortnight's  tiine.° 

Complexion,  and  liability  to  certain  diseases,  are  believed 

*  Dr.  HcusiDger,  *  Woch'jnscbrifl  fdr  dio  Heilkanda,'  Berlin,  184C,  a.  270. 
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to  ran  togothor  in  man  and  tho  loAVor  animals.  Thus  'whlUi 
torriors  suffer  moro  than  thoso  of  anj  other  colour  from  tho 
fatal  distemper.^  In  North  America  plum-trocs  aix)  liable  to 
a  disease  which  Downing*  believes  is  not  caused  by  insects ; 
tho  kinds  bearing  purple  fruit  are  most  affected,  **  and  wo  havo 
"  never  known  the  green  or  yellow  fruited  varieties  infected 
*'  until  the  other  sorts  had  first  become  filled  with  tho  knots.'* 
On  the  other  hand,  peaches  in  North  America  suffer  much 
from  a  disease  called  the  yeHoum,  which  seems  to  be  x>eculiar 
to  that  continent,  and  more  than  nine-tenths  of  the  victims, 
when  the  disease  first  appeared,  were  the  yellow-fleshed 
peaches.  The  white-fleshed  kinds  are  much  more  rarely 
*'  attacked ;  in  some  parts  of  the  country  never."  In  Mauri- 
tius, the  white  sugar-canes  have  of  late  years  been  so  severely 
attacked  by  a  disease,  that  many  planters  have  been  compelled 
to  give  up  growing  this  variety  (although  fresh  plants  were 
imported  from  China  for  trial),  and  cultivate  only  red  canes.* 
Now,  if  these  plants  had  been  forced  to  struggle  with  other 
competing  plants  and  enemies,  there  cannot  be  a  doubt  that  the 
colour  of  the  flesh  or  skin  of  the  fruit,  unimportant  as  these 
characters  are  considered,  would  have  rigorously  determined 
their  existence.. 

Liability  to  tho  attacks  of  parasites  is  also  connected  with 
colour.  White  chickens  are  certainly  more  subject  than  dark- 
ooloured  chickens  to  the  gapes^  which  is  caused  by  a  parasitic 
worm  in  the  trachea.^*  On  the  other  hand,  experience  has 
shown  that  in  France  the  caterpillars  which  produce  white 
oocoons  resist  the  deadly  fungus  better  than  those  producing 
yellow  cocoons."  Analogous  facts  have  been  observed  with 
plants:  a  now  and  beautiful  white  onion,  imported  from 
France,  though  planted  close  to  other  kinds,  was  alone  attacked 
by  a  parasitic  fungus.^*  White  verbenas  are  especially  liable 
to  mildew.13    Near  Malaga,  during  an  early  period  of  the  vine- 

'  Toaatt  on  the  Dog,  p.  232.  879. 

*  <Th«    Fnxit-trMs    of   America,'  "  Quatrefages,' Maladies  Actnellei 
tS45,  p.  270 :  for  peachea,  p.  466.  du  Ver  i  Soie,^  1859,  pp.  12,  214. 

*  *Proc.  Royal  Soe.  of  Arts  and  "  'Gardener's  Ghronide,' 1851,  p. 
Adencas    of    lianritins,'    1852,    p.  595. 

etizT.  **  *  Journal  of  Horticulture,'  1862, 

i«  *  Gardener *s  Chronicle/  1856,  p.       p.  476. 
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disease,  the  green  sorts  spffered  most;,  "and  red  and  black 
grapes,  even  when  interwoven  with  the  sick  plants,  suffered 
not  at  all."  In  France  whole  groups  of  varieties  were  com* 
paratively  free,  and  others,  such  as  the  Chasselas,  did  not 
afford  a  single  fortunate  exception ;  but  I  do  not  know 
whether  any  correlation  between  colour  and  liability  to 
disease  was  here  observed.^^  In  a  former  chapter  it  was 
shown  how  curiously  liable  one  variety  of  the  strawberry  is 
to  mildew. 

/  It  is  certain  that  insects  regulate  in  many  cases  the  range 
and  even  the  existence  of  tlie  higher  animals,  whilst  living 
under  their  natural  conditions.  Under  domestication  light- 
coloured  animals  suffer  most :  in  Thuringia  ^'  the  inhabitants 
do  not  like  grey,  white,  or  pale  cattle,  because  they  are  much 
more  troubled  by  various  kinds  of  flies  than  the  brown,  red, 
or  black  cattle.  An  Albino  negro,  it  has  been  remarked,'^ 
was  peculiarly  sensitive  to  the  bites  of  insects.  In  the  West 
Indies  ^^  it  is  said  that  '*  the  only  homed  cattle  fit  for  work 
"  are  those  which  have  a  good  deal  of  black  in  them.  Tho 
^*  white  are  terribly  tormented  by  the  insects ;  and  they  are 
"  weak  and  sluggi^  in  proportion  to  the  white." 

In  Devonshire  there  is  a  prejudice .  against  white  pigs, 
because  it  is  believed  that  the  sun  blisters  them  when  turned 
out;  ^*  and  I  knew  a  man  who  would  not  keep  white  pigs  in 
Kent,  for  the  same  reason.  The  scorching  of  flowers  by  the 
0un  seems  likewise  to  depend  much  on  colour;  thus,  dark 
pelargoniums  suffer  most ;  and  from  vaiious  accounts  it  is 
clear  that  the  doth-of-gold  variety  will  not  withstand  a 
degree  of  exposure  to  sunshine  which  other  varieties  enjoy. 
Another  amateur  asserts  that  not  only  all  dark-coloured 
verbenas,  but  likewise  scarlets,  suffer  from  the  sun:  "the 
paler  kinds  stand  better,  and  pale  blue  is  perhaps  the  best  of 
all."     So  again  with  the   heartsease  (^Viola  Uicolor);   hot 

>«<  Gardener's   Chronicle,'    1852,  in   West  Indies,'    <Uone   and    Col. 

pp.  435,  691.  Libritry,'  p.  100. 

>*  Bechstein,<Naturge8ch.  Den  tack-  >*  Sidney's  edit,  of  Yonntt  on  the 

lands/  1801,  B.  1.  s.  SIO.  Pig,  p.  24.     I  hare  giren  analogous 

>*  IVichard,  '  Phjs.  Hist,  of  Man-  facis  in  the  case  of  mankind  in  my 

Vind,'  1851,  Tol.  i.  p.  224.  •  Descent  of  Man,'  2nd  edit.  p.  195. 

^'  Q.  Lewis's  '  Journal  of  Residence 
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weather  suits  tlie  blotched .  sorts,  whilst  it  destrDys  the  bean- 
tiful  markings  of  some  other  kinds.^*  During  one  oxtromelj 
oold  season'  in  Holland  all  red-flowered  hyacinths  were 
observed  to  be  very  inferior  in  quality.  It  is  believed  by 
many  agriculturists  that  red  wheat  is  hardier-  in  northern 
climates  than  white  wheat.^^ 

With  animals,  white  varieties  from  being  conspiouous  are 
the  most  liable  to  be  attacked  by  beasts  and  birds  of  prey. 
In  parts  of  France  and  Germany  where  hawks  abound,  persons 
are  advised  not  to  keep  white  pigeons ;  for,  as  Farmentier 
says,  "it  is  certain  that  in  a  flock  the  whito  always  first  fall 
victims  to  the  kite.*'  In  Belgium,  where  so  many  societies 
have  been  established  for  the  flight  of  carrier-pigeons,  white 
is  the  one  colour  which  for  the  same  it)ason  is  dislikod.^^ 
Prof.  0.  Jaeger^  whilst  fishing  found  four  pigeons  which 
had  been  killed  by  hawks,  and  all  were  white;  on  another 
occasion  he  examined  the  e^Tie  of  a  hawk,  and  the  feathers  of 
the  pigeons  which  had  been  caught  were  all  of  a  white  or 
yellow  colour.  On  the  other  hand,  it  is  said  that  the  sea- 
eagle  (Falco  onifraguBy  Linn.)  on  the  west  coast  of  Ireland 
picks  out  the  black  fowls,  so  that  "  the  villagers  avoid  as 
much  as  possible  rearing  birds  of  that  colour."  M.  Daudin,^ 
speaking  of  white  rabbits  kept  in  warrens  in  Ba>:sia,  remarks 
that  their  colour  is  a  great  disadvantage,  as  they  are  thus 
more  exposed  to  attack,  and  can  be  seen  during  blight 
nights  from  a  distance.  A  gentleman  in  Kent,  who  failed 
to  stock  his  woods  with  a  nearly  white  and  hardy  kind  of 
rabbit,  accounted  in  the  same  manner  for  their  early  dis- 
appearance. Any  one  who  will  watch  a  whito  c»t  prowling 
after  her  prey  will  soon  perceive  under  what  a  disadvantage 
she  lies.  .   .^ 

The  white  Tartarian  cherry,  *'  owing  either  to  its  colour 

<*  'Journal  of  Horticulture,'  18G3,  Fob.  25,. 1865.  With  resiioct  to  black 

pp.  476,  498;  1865,  p.  460.     With  fowls,  m^  a  quotation  in  Thompson's 

j*wp«ct  to  the  heartsease,  *  Gardener's  '  Nat.  Hist,  of  Ireland,'  1849,  toL  1. 

Chronicle,'  1863,  p.  628.  p.  22. 

**  <  Des  Jacinthes,  de  leitr  Cttltare,'  ^  *Ia    Sachen    Darwin's    contra 

1768,  p.  53:  on  wheat,  'Gardener's  Wigand,'  1874,  p.  70. 
Chronicle,'  1846,  p.  653.  **  '  Bull,    de  la  Soo.  d'Acclimat.,' 

«  W.  a  Tegetmeter,  'The  Field/  torn,  vii.,  1860,  p.  859. 


216  SELECTION,  Chap.  XXL 

being  flo  nmoli  like  that  of  the  leaves,  or  to  the  fruit  always 
appearing  from  a  distanoo  unripe,"  is  not  so  readily  attacked 
by  birds  as  other  sorts.  The  yellow-fruited  raspberry,  which 
generally  oomes  nearly  true  by  seed,  **  is  very  little  molested 
by  bii'ds,  who  evident!}'  are  not  fond  of  it ;  so  that  nets  may 
1)0  dispensed  with  in  places  where  nothing  else  will  protect 
the  red  fruit."^  This  immunity,  though  a  benefit  to  the 
gardener,  would  be  a  disadvantage  in  a  state  of  nature  both 
to  the  cherry  and  raspbeiTy,  as  dissemination  depend:}  on 
birds.  I  noticed  during  several  winters  that  some  ti*ecs  of 
the  yellow-berried  holly,  which  wore  raised  from  seed  from  a 
tree  found  wild  by  my  father  remained  covered  with  fruit, 
whilst  not  a  scarlet  berry  could  be  seen  on  the  adjoining  ti^eos 
of  the  common  kind.  A  friend  informs  me  that  a  mountain- 
ash  (Pyrtw  aueuparia)  growing  in  his  garden  bears  berries 
which,  though  not  differently  coloured,  are  always  devoured 
by  bii'ds  l)efore  those  on  the  other  trees.  This  variety  of 
the  mountain-ash  would  thtis  bo  more  freely  disseminated, 
and  the  yeUow-berried  variety  of  the  holly  less  freely,  than 
the  common  varieties  of  these  two  trees. 

Independently  of  colour,  trifling  differences  are  sometimes 
found  to  be  of  importance  to  plants  under  cultivation,  and 
would  be  of  paramount  importance  if  they  had  to  fight  their 
own  Ijattle  and  to  struggle  with  many  comjictitors.  The 
thin-8hellod  peas,  called  poia  8ans  pardiemin^  are  attacked  by 
birds  ^^  much  more  commonly  than  ordinary  peas.  On  the 
other  hand,  the  purple-podded  pea,  which  has  a  hard  shell, 
escaped  the  attacks  of  tomtits  (Pani«  major)  in  my  garden  far 
better  than  any  other  kind.  The  thin-8helled  walnut  like- 
wise suffers  greatly  from  the  tomtit.^®  lliese  same  birds 
have  been  observed  to  pass  over  and  thus  favour  the 
filbert,  destroying  only  the  other  kinds  of  nuts  which  grew 
in  the  same  orchard.^^ 

Certain  varieties  of  the  pear  have  soft  bark,  and  these 
suffer   severely  from   wood -boring   beetles;    wliilst  other 

»*  'Transact.  Hort.  Soc,*  vol.  i.  2nd  "  'Gardener's  Chronicle/  13J3,  p 

iieries,  1835,  p.  275.   For  raspberries,  806. 
«M  'Gard.  Chronicle,'  1855,  p.  154,  «  Ibid.,  1850,  p.  732. 

mkd  ISaS,  p.  245.  •'  Ibid.,  1860,  p.  956. 
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varieties  ore  Imown  to  resist  their  attacks  much  better.'^  In 
North  America  th<)  smoothness,  or  absence  of  down  on  the 
fi-oit,  makes  a  great  difference  in  the  attacks  of  the  weevil, 
**  w:hich  is  the  uncompromising  foe  of  all  smooth  stone-fruits  :" 
and  the  cultivator  **  has  the  frequent  mortification  of  seeing 
nearly  all,  or  indeed  often  the  whole  crop,  fall  from  tho  trees 
when  half  or  two-thirds  grown/*  Hence  tho  nectai-ino 
suffers  more  than  the  peach.  A  particular  vaiicty  of  the 
Morello  cherry,  raised  in  North  America,  is,  without  any 
assignable  cause,  more  liable  to  be  injured  by  this  same  iosect 
than  other  cherry-trees.'*  From  some  unknown  cause,  certain 
varieties  of  the  apple  enjoy,  as  we  have  seen,  the  great  ad- 
vantage in  various  parts  of  tho  world  of  not  being  infested  by 
tho  coccus.  On  the  other  hand,  a  particular  ca^o  has  been  re- 
corded in  which  aphides  confined  themselves  to  tho  Winter  Nelis 
pear  and  toucbod  no  other  kind  in  an  extensive  orchard.^*  The 
existence  of  minute  glands  on  the  leaves  of  peaches,  nectarines, 
and  apricots,  would  not  be  esteemed  hy  botanists  as  a  charac- 
ter of  the  least  importance  for  they  are  present  or  absent  in 
closely-related  sub-varieties,  descended  from  the  same  parent- 
tree;  yet  there  is  good  evidence  ^^  that  the  absence  of 
glands  leads  to  mildew,  which  is  highly  injurious  to  these 
trees. 

A  difference  either  in  flavour  or  in  tho  amount  of  nutriment 
in  certain  varieties  causes  them  to  be  more  eagerly  attacked 
by  various  enemies  than  other  varieties  of  the  same  species. 
Bullfinches  (Pyrrhula  vulgaris)  injure  our  fruit-trees  by 
devouring  the  flower-buds,  and  a  pair  of  these  birds  have 
been  seen  *'  to  denude  a  large  plum-tree  in  a  conpie  of  days  of 
almost  every  bud ;"  but  cei*tain  varieties^'  of  the  apple  and 
thorn  (Crakegus  axyacaniha)  are  more  especially  liable  to 
be  attacked.  A  striking  instance  of  this  was  obsen-ed  in 
Mr.  Bivers*s  garden,  in   which  two  rows  of  a   particular 

**  J.   De  Jonghe,  in    'QardeDer*s  ''  'Journal  of  Horticulture,' Sept 

Chronicle,' 1800,  p.  120.  26th,    1865,  p.  254;    ate  other  re- 

**  Downing,  *  Fruit-trees  of  North  ferencee  given  in  chap.  z. 

America,'  pp.  266,  501 :  in  regard  to  '  Mr.  Silbr,  in  '  Mag.  of  Zoologj 

the  cherry,  p.  198.  and  BoUiny',  Edinburgh,  toL  ii,  1838 

*>  *  Qardoner'f  Chronicle,'  1840,  p.  p.  3&3. 
tbS. 
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variety  of  pluin'^  bad  to  be  carefully  protecte<l,  as  they  were 
usually  stripped  of  all  their  buds  durinj;  the  ivintor,  whilst 
other  sorts  growing  near  them  escaped.  The  I'oot  (or  en- 
larged stem)  of  Laiug's  Swedish  turnip  is  preferred  by  hares, 
and  therefore  suffers  moro  than  other  varieties.  Hares  and 
rabbits  eat  down  common  rye  before  St.  John's-day-ryo, 
when  both  grow  together.^  In  tlie  south  of  France,  when 
an  orchard  of  almond-trees  is  formed,  the  nuts  of  the  bitter 
variety  are  sown,  **  in  order  that  they  may  not  be  devoured 
by  field-mice;"'*  so  we  see  the  use  of  the  bitter  principle 
in  almonds. 

Other  slight  differences,  which  would  be  thought  quite 
unimportant,  are  no  doubt  sometimes  of  great  service  both 
to  plants  and  animals.  The  Whitesmith's  gooseberry,  as 
formerly  stated,  produces  its  leaves  later  than  other  varieties, 
and,  as  the  flowers  are  thus  left  unprotected,  the  fruit 
often  fails.  In  one  variety  of  the  cherry,  according  to  Mr. 
Rivers,'*  the  petals  are  much  curled  backwards,  and  in  con- 
Boquenco  of  this  the  stigmas  wora  observod  (o  bo  killed  by 
a  sevei*o  frost ;  whilst  at  the  same  time,  in  another  variety 
with  incurved  petals,  the  stigmas  were  not  in  the  least 
injured.  The  straw  of  the  Fenton  wheat  is  remarkably  un- 
equal in  height;  and  a  competent  observer  believes  that 
this  variety  is  highly  productive,  partly  because  the  ears 
from  being  distributed  at  various  heights  above  the  ground 
are  less  crowded  together.  The  same  observer  maintains  that 
in  the  upright  varieties  the  divergent  awns  are  serviceable  by 
breaking  the  shocks  when  the  ears  are  dashed  together  by  the 
wind.'^  If  several  varieties  of  a  plant  are  grown  together, 
and  the  seed  is  indiscriminately  harvested,  it  is  clear  that  the 
hardier  and  more  productive  kinds  will,  by  a  sort  of  natural 
selection,  gradually  prevail  over  the  others ;  this  takes  place, 
as  Clolonel  Le  Couteur  believes,  ''  in  our  wheat-fields,  for,  as 

'*  Tho    Refno    Claurlo    do   Bayiiy,  **  Qodron, '  I)q  rEsi)6co/  torn.  ii.  p. 

<Joarnal  of  Horticulture,'  Disc.  27,  98. 

1 864,  p.  51 1.  '*  '  Gardener's  Chron.,'  1 86G,  p.  733. 

•«  Mr.    Pusey,  in  'Journal  of  R.  *'  <  Gardener's  Chronicle,' 1862,  pp. 

Africult.  Soc.,'  Tol.  Ti.  p.  179.     For  820,  831. 

SwedUh  turnipi,  JW  '  Gnrd.  Chron.,'  **  *  On  the  Varieties  of  Wheat/  p 

1847,  p.  91.  59. 
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formerly  shown,  no  variety  is  quite  uniform  in  character. 
The  same  thing,  as  I  am  assured  by  nurserymen,  would  take 
phioe  in  our  flower-gardens,  if  the 'seed  of  the  different 
varieties  were  not  separately  saved.  AVhen  the  eggs  of  the 
wild  and  tame  duck  are  hatched  together,  the  young  wild 
ducks  almost  invariably  perish,  from  being  of  smaller  size 
and  not  getting  their  fair  share  of  food.^* 

Facts  in  sufficient  number  have  now  been  given  showing 
that  natural  selection  often  checks,  but  occasionally  favours, 
man's  power  of  selection.  These  facts  teach  us,  in  addition, 
a  valuable  lesson,  namely,  that  we  ought  to  be  extremely 
cautious  in  judging  what  characters  are  of  importance  in  a 
state  of  nature  to  animals  and  plants,  which  have  to  struggle 
for  existence  from  the  hour  of  their  birth  to  that  of  their 
death, — their  existence  depending  on  conditions,  about  which 
we  are  profoundly  ignorant. 

Cireumataneet  favourable  to  Sdeeiion  hy  Man. 

The  possibility  of  selection  rests  on  variability,  and  this,  as 
we  shall  see  in  the  following  chapters,  mainly  depends  on 
changed  conditions  of  life,  but  is  governed  by  infinitely  com- 
plex and  unknown  laws.  Domestication,  oven  when  long 
continued,  occasionally  causes  but  a  small  amount  of 'varia- 
bility, as  in  the  case  of  the  goose  and  turkey.  The  slighl 
differences,  however,  which  characterise  each  individual 
animal  and  plant  would  in  most,  probably  in  all,  cases  suffice 
for  the  production  of  distinct  races  through  careful  and  pro- 
longed selection.  We  see  what  selection,  though  acting  on 
mere  individual  differences,  can  effect  when  families  of  cattle, 
sheep,  pigeons,  &c.,  of  the  same  race,  have  been  separately 
bi-ed  during  a  number  of  years  by  different  men  without  any 
wish  on  their  part  to  modify  the  breed.  We  see  the  same 
fact  in  the  difference  between  hounds  bred  for  hunting  in 
different  districts,^®  and  in  many  other  such  cases. 

In  order  that  selection  should  produce  any  result,  it  is 
manifest  that  the  crossing  of  distinct  races  must  be  prevented ; 
hence  facility  in  pairing,  as  with  the  pigeon,  is  highly 

**  Mr.  Hewitt  nnd  othcn,  in  *  Joar-  **  *  Encjclop.  of  Band  Sports,'  »• 

BalorUort.,'lS62,  p.  773.  405. 
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favoTirable  for  the  work ;  and  difficulty  in  pairing,  as  Tvith 
cats,  prevents  the  formation  of  distinct  breeds.  On  nearly 
the  same  principle  the  cattle  of  the  small  island  of  Jersey 
have  been  improved  in  their  milking  qualities  "with  a 
rapidity  that  could  not  have  been  obtained  in  a  widely 
extended  country  like  France."  ^^  Although  fi'oe  crossing 
is  a  danger  on  the  one  side  which  every  one  can  see,  too  close 
interbreeding  is  a  hidden  danger  on  the  other  side.  Un- 
favourable oonditions  of  life  overrule  the  power  of  selection. 
Our  improved  heavy  breeds  of  cattle  and  sheep  could  not 
have  been  formed  on  mountainous  pastures ;  nor  could  dray- 
horses  have  been  raised  on  a  barren  and  inhospitable  land, 
such  as  the  Falkland  Islands,  where  even  the  light  horses  of 
La  Plata  rapidly  decrease  in  size.  It  seems  impossible  to 
preserve  several  English  breeds  of  sheep  in  France;  for  as 
soon  as  the  lambs  are  weaned  their  vigour  decays  as  the  heat 
of  the  summer  increases  :^^  it  would  be  impossible  to  give 
great  length  of  wool  to  sheep  witliin  the  tropics;  yet 
selection  has  kept  the  Merino  breed  nearly  true  under  diver- 
sified and  unfavourable  conditions.  The  power  of  selection 
is  so  great,  that  breeds  of  the  dog,  sheep,  and  poultry,  of  the 
largest  and  smallest  size,  long  and  short  beaked  pigeons,  and 
other  breeds  with  opposite  characters,  have  had  their  oharao- 
teristio  qualities  augmented,  though  treated  in  every  way 
alike,  being  expoiied  to  the  same  climate  and  fed  on  the  same 
food.  Selection,  however,  is  either  checked  or  favoured  by 
the  effects  of  use  or  habit  Our  wonderfally-improved  pigs 
could  never  have  been  formed  if  they  had  been  forced  to 
search  for  their  own  food ;  the  English  race-horse  and  grey- 
hound oould  not  have  been  improved  up  to  their  present  high 
standard  of  ezoellenoe  without  constant  training. 

As  conspicuous  deviations  of  structure  occur  rarely,  the 
improvement  of  each  breed  is  generally  the  result  of  the 
selection  of  slight  individual  differences.  Hence  the  closest 
attention,  the  sharpest  powers  of  observation,  and  indomitable 
perseverance,  are  indispensable.    It  is,  also,  highly  important 

**  Col.  Le  ConUnr,  '  Journal  Roj.       Agricnlt.  Soc.,'  yoI.  xit.,  1853,  pp.  215| 
Agrieult.  Soc.,'  vol.  ir.  p.  43.  217. 

«•  MoliDgi^-Noael,     Journal    E 
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that  many  indiyidnals  of  i]io  Inreed  wlucH  is  to  bo  improred 
should  bo  raised ;  for  thus  thero  iVill  be  a  better  chance  of  the 
appearance  of  variations  in  the  right  direction,  and  individuals 
varying  in  an  unfavourable  manner  may  be  freely  rejected  or 
destroyed.  But  that  a  large  number  of  individuals  should  be 
raised,  it  is  necessary  that  the  conditions  of  life  should  favour 
the  propagation  of  the  species.  Had  the  peacock  been  reared 
as  easily  as  the  fowl,  we  should  probably  ere  this  have  hod 
many  distinct  races.  We  see  the  importance  of  a  large 
numl)er  of  plants,  from  the  fact  of  nursery  gardeners  almost 
always  beating  amateurs  in  the  exhibition  of  new  varieties. 
In  1845  it  was  estimated^'  that  between  4000  and  5000 
pelargoniums  were  annually  raised  from  seed  in  England,  yet 
a  decidedly  improved  variot}*'  is  rarely  obtained.  At  Messra. 
Carter's  grounds,  in  Essex,  where  such  flowers  as  the  Lobelia, 
^*cmophila,  Mignonette,  &c.,  are  grown  by  the  acre  for  seed, 
'*  scarcely  a  season  passes  without  some  now  kinds  being 
raised,  or  some  improvement  effected  on  old  kiuds."^^  At 
Kow,  as  Mr.  Beaton  remarks,  where  many  seedlings  of  common 
plants  are  raised, "  you  see  new  forms  of  Laburnums,  Spineas, 
and  other  shrubs."  *^  So  with  animals :  Marshall,^^  in  speak- 
ing of  the  sheep  in  one  part  of  Yorkshire,  remarks,  *'  as  they 
belong  to  poor  x)eople,  and  are  mostly  in  small  lots,  they  never 
can  be  improved."  Lord  Kivcrs,  when  asked  how  he  suc- 
ceeded in  always  having  iirst-rate  greyhounds,  answered,  *'  I 
breed  many,  and  hang  many."  This,  as  another  man  remarks, 
**  was  the  secret  of  his  success  ;  and  the  same  will  be  found  in 
exhibiting  fowls, — successful  competitors  breed  largely,  and 
keep  the  Ixjst."  *' 

It  follows  from  this  that  the  capacity  of  breeding  at  an 
early  age  and  at  short  intervals,  as  with  pigeons,  rabbits,  &a, 
facilitates  selection ;  for  the  result  is  thus  soon  made  visible, 
and  perseverance  in  the  work  encouraged.  It  can  hardly  be 
an  accident  that  the  great  majority  of  the  culinary  and  agri- 
cultural plants  which  have  yielded  numerous  races  are  annuals 

«*  <  Gard<)iier's  Chronicle,*  1815,  p.  368. 
273.  *•  *  A  Renew  of  OeporU,*  1808,  p. 

**  <  Journal  of  Horticulture,'  1862,  406. 
p.  157.  *^  '  Oardener't  ClironicU,'  1853|  p 

«•  •Cottage    Gardener,'    1860,    p.  45. 
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or  bionnialfl,  which  thoroforQ  aro  cap<iLloof  rapid  xiropagation, 
and  thus  of  improvoment.  8oa-kalo,  asparagus,  oommon  and 
Jemsalom  artichokes,  potatoes,  and  onions,  must  bo  excepted, 
as  they  are  perennials :  but  onions  are  propagated  like  annuals, 
and  of  the  other  plants  just  specified,  none,  with  the  exception 
of  the  potato,  have  yielded  in  this  country  more  than  one  or 
two  varieties.  In  the  Mediterranean  region,  where' artichokes 
are  often  raised  from  seed,  there  are  several  kinds,  as  I  hear 
from  Mr.  Bentham.  No  doubt  fruit-trees,. which  cannot  be 
propagated  quickly  by  seed,  have  yielded  a  host  of  vaiietics, 
though  not  permanent  races ;  but  these,  judging  from  pre- 
historic remains,  have  been  produced  at  a  comparatively  late 
period. 

A  species  may  be  highly  variable,  but  distinct  races  will 
not  be  formed,  if  from  any  cause  selection  be  not  applied.  It 
would  bo  difficult  to  select  slight  A'oriations  in  fishes  fi*om 
their  place  of  habitation ;  and  though  the  carp  is  extremely 
variable  and  is  much  attended  to  in  Germany,  only  one  well- 
marked  race  has  been  formed,  as  I  hear  from  Lord  A.  Knsscll, 
namely  the  tpiegel-carpe ;  and  this  is  carefully  secluded  from 
the  common  scaly  kind.  On  the  other  hand,  a  closely  allied 
species,  the  gold-fish,  from  being  reared  in  small  vessels,  and 
from  having  been  carefully  attended  to  by  the  Chinese,  lias 
yielded  many  races.  Neither  the  bee,  which  has  been  semi- 
domesticated  from  an  Qxtremely  remote  period,  nor  the  cochi- 
neal insect,  which  was  cultivated  by  the  aboriginal  Mexicans,^* 
has  ^delded  races ;  and  it  would  be  impossible  to  match  the 
queen-bee  with  any  particular  drone,  and  most  difficult  to 
match  cochineal  ins(X!t8.  Silk-moths,  on  the  other  hand,  have 
been  subjected  to  rigorous  selection,  and  have  produced  a  host 
of  races.  Cats,  which  from  their  nocturnal  habits  cannot  bo 
selected  for  breeding,  do  not,  as  foimerly  remarked,  yield  dis- 
tinct races  within  the  same  country.  Dogs  aro  held  in 
abomination  in  the  East,  and  their  breeding  is  uogloctod; 
consc<piently,  as  Prof.  Moritz  Wagner  "^^^  remarks,  one  kind 
alone  exists  there.    The  ass  in  llngland  varies  much  in 

^  Isidoro   Oeoffroy  Saint-HiUIre,  «*  *  Die  Darwin'scbo  Theorie  und  dan 

'  Hbt.  Nat.  Gen.,*  torn.  iii.  p.  49.  *  On  Mi^^atiooftgeseix  der  OrgaDisinoo,' 
tha  Cochinaal  loiacl,'  p.  46.  1866,  p.  19. 
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oolour  and  size;  but  as  it  is  an  animal  of  litilo  value  and 
bred  by  poor  people,  there  has  been  no  seleotion,  and  dlstinot 
races  have  not  been  formed.  We  must  not  attribute  'the 
inferiority  of  our  asses  io  climate,  for  in  India  they  are  of 
even  smaller  size  than  in  Europe.  But  when  selection-  in 
brought  to  bear  on  the  ass,  all  is  changed.  Near  Coixlova,  as  I 
am  informed  (Feb.  1800)  by  Mr.  W.  E.  Webb,  C.E.,  they  are 
carefully  bred,  as  much  as  2002.  having  been  paid  for  a 
stallion  ass,  and  they  have  been  immensely  improved.  In 
Kentucky,  asses  have  been  imported  (for  breeding  mules) 
from  Spain,  Malta,  and  France;  these  '* seldom  averaged 
more  than  fourteen  hands  high :  but  the  Kentuckians,  by 
great  care,  liavo  raised  them  up  to  fifteen  hands,  and  some- 
"  times  oven  to  sixteen.  The  prices  paid  for  these  splendid 
'*  animals,  for  such  they  really  are,  will  prove  how  much  thoy 
"  aro  in  request.  One  male,  of  great  celebrity,  was  sold  for 
*'  upwards  of  one  thousand  pounds  sterling."  These  choice 
asses  are  sent  to  cattle-shows,  a  day  being  given* for  their 
exhibition.^® 

Analogous,  facts  have  been  observed  with  plants:  the 
nutmeg- tree  in  tlio  Malay  archipelago  is  highly  variable,  but 
there  has  been  no  selection,  and  there  aro  no  distinct  raccs.^^ 
The  common  mignonette  (Beseda  odortUa),  from  bearing  in- 
conspicuous (lowers,  valued  solely  for  their  fragrance,  **  remains 
*'  in  the  same  unimproved  condition  as  when  first  intro- 
•*duced.***'  Our  common  forest-ti-ees  are  very  variable,  as 
may  be  seen  in  every  extensive  nursery-ground ;  but  as  they 
are  not  valued  like  fruit-trees,  and  as  they  seod  late  in  life, 
no  selection  has  been  applied  to  them ;  consequently,  as  Mr. 
Patrick  Matthews  remarks,^  they  have  not  yielded  distinct 
races,  leafing  at  different  periods,  growing  to  different  sizes, 
and  producing  timber  fit  for  different  purposes.  We  have 
gained  only  some  fanciful  and  semi-monatrous  varieties, 
which  no  doubt  appeared  suddenly  >as  we  now  see  them. 
Some  botanists  have  argued  that  planta  cannot  have  so 

••  Cnpt.  M.irryat,  quoted  br  BIyth  645. 

in  <Journ.  Asfntio  Soo.  of  Bengal,'  *'  Mr.  Abl)ey,  In  '  Journal  of  Horti* 

roi.  xxviii.  p.  229.  culture,'  Dec  1,  1863,  )i.  430. 

"  Mr.    Ozley,    < Journal    of  the  •*  'On  Naval  Timber/  1831,    p^ 

Indian  Archlpelajo,'  vol.  ii.,  1848,  p.  107. 
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ntrong  a  iendenoy  to  vary  as  is  gonorallj  supposed,  bocauso 
many  species  long  grown  in  botanic  gai-dens,  or  unintention- 
ally cultivated  year  aftor  year  mingled  witli  our  com  crops, 
have  not  produced  distinct  races ;  but  this  is  accounted  for 
by  slight  variations  not  having  been  selected  and  propagated. 
Let  a  plant  which  is  now  grown  in  a  botanic  garden,  or  any 
common  weed,  be  cultivated  on  a  large  scale,  and  let  a  sharp- 
sighted  gardener  look  out  for  each  slight  variety  and  sow  the 
seed,  and  then,  if  distinct  races  are  not  produced,  the  argument 
will  bo  valid. 

The  importance  of  selection  is  likewise  shown  by  consider- 
ing special  characters.  For  instance,  with  most  breeds  of 
fowls  the  form  of  the  comb  and  the  colour  of  the  plumage 
have  been  attended  to,  and  are  eminently  characteristic  of 
each  race;  but  in  Dorkings,  fashion  has  never  demanded 
uniformity  of  comb  or  colour;  and  the  utmost  diversity  in 
these  respects  prevails.  Bose-combs,  double-combs,  cup-combs, 
&c.,  and  colotirs  of  all  kinds,  may  be  seen  in  jmroly  bi-cd  and 
closely  related  Dorking  fowls,  whilst  other  points,  such  as 
the  general  form  of  body,  and  the  presence  of  an  additional 
toe,  have  been  attended  to,  and  are  invariably  present.  Tt 
has  also  been  ascertained  that  colour  can  be  fixed  in  £his 
breed,  as  well  as  in  any  other.^^ 

During  the  formation  or  improvement  of  a  breed,  its 
members  will  always  be  found  to  vary  much  in  those 
characters  to  which  especial  attention  is  directed,  and  of 
which  each  slight  improvement  is  eagerly  s*  night  and  selected. 
Thus,  with  short-faced  tumbler-pigeons,  the  shortness  of  the 
beak,  shape  of  head  and  plumage, — with  carriers,  the  length 
of  the  beak  and  wattle, — with  fantails,  the  tail  and  carriage, 
— with  Spanish  fowls,  the  white  face  and  comb, — with  long- 
cared  rabbits,  the  length  of  ear,  are  all  points  which  are 
eminently  variable.  So  it  is  in  every  case ;  and  the  largo 
price  paid  for  first-rate  animals  proves  the  diificulty  of  breed- 
ing them  up  to  the  highest  standard  of  excellence.  This 
subject  has  been  discussed  by  fanciers,'*'  and  the  greater 

M  Mr.BAny,in<ThePoulti7Chro-  **  'Cottagra  GHHeoer,'  1855,  De- 

nicla,'  Tol.  il.,  1834,  pb  150.  Also  oember,  p.  171;  1856,  Jaooarr,  iiu 
ToL  i.  p.  342 ;  toL  Ul  p.  245.  248,  323. 
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prizes  given  for  highly  improved  breeds,  in  comparison  with 
those  given  for  old  breeds  which  are  not  now  undergoing 
rapid  improvement,  have  been  fully  justified.  Kathusiua 
makes  **  a  similar  remark  when  discussing  the  less  uniform 
character  of  improved  Shorthorn  cattle  and  of  tiio  English 
horso,  in  compaiison,  for  example,  with  the  unonnoblod  cattle 
of  Hungai-}',  or  with  the  horses  of  tlie  Asiatic  steppes.  This 
want  of  uniformity  in  the  parts  which  at  the  time  are  under- 
going selection  chiefly  depends  on  the  strength  of  the  prin- 
ciple of  reversion;  but  it  likewise  depends  to  a  certain 
extent  on  the  continued  variability  of  the  parts  which  have 
recently  varied.  That  the  same  parts  do  continue  varying 
in  the  same  manner  we  must  admit,  for  if  it  were  not  so, 
there  could  be  no  improvement  beyond  an  early  standard  of 
excellence,  and  we  know  that  such  improvement  is  not  only 
possible,  but  is  of  geneial  occurrence. 

As  a  consequence  of  continued  variability,  and  more  espe- 
cially of  rcx'ei*sion,  all  highly  improved  races,  if  neglected  or 
not  subjected  to  incessant  selection,  soon  degenerate.  Youatt 
gives  a  curious  instance  of  this  in  Aome  cattle  formerly  kept 
in  Glamorganshire ;  but  in  this  case  the  cattle  were  not  fed 
with  sufficient  care.  Mr.  Baker,  in  his  memoir  on  the  Horse, 
sums  up:  "It  must  have  been  observed  in  the  preceding 
"  pages  that,  whenever  there  has  been  neglect,  the  breed  has 
"  proportionally  deteriorated."  ^^  If  a  considerable  number 
of  improved  cattle,  sheep,  or  other  animals  of  the  same  race, 
were  allowed  to  breed  freely  together,  with  no  selection,  but 
with  no  change  in  their  condition  of  life,  there  can  be  no 
doubt  that  after  a  score  or  hundred  generations  they  would 
be  very  far  from  excellent  of  their  kind ;  but,  from  what  wo 
SCO  of  the  many  common  races  of  dogs,  cattle,  fowls,  pigeons, 
d:a,  which  without  any  particular  care  have  long  retained 
nearly  the  same  character,  we  have  no  groujids  for  believing 
that  they  would  altogether  depart  from  their  type. 

It  is  a  general  belief  amongst  breeders  that  chara^iters  of 
all  kinds  become  fixed  by  long-continued  inheritance.     But  I 

**  *U«ber  Shorthorn  Rindvieh,'  720.  For  the  OlatnorgADskf  re  cuttle. 
1857, 1.  51.  $€4  VouAti  on  Cntilc,  n.  5i 

•'  •Tho  Voterinnry,'  vo\  liii.  p. 
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have  attempted  to  show  in  the  fourteenth  chapter  that  this 
belief  apparently  resolves  itself  into  the  following  proposition, 
namely,  tliat  all  characters  whatoTer,  whether  recently 
acquired  or  ancient,  tend  to  be  ti'ansmitted,-but  that  thoso 
which  have  already  long  withstood  all  counteracting  in- 
fluences, will,  as  a  general  rule,  continue  to  withstand  them, 
oud  consequently  bo  faithfully  transmitted. 

Tendency  in  Man  to  carry  Vie  practice  of  Seleciion  to  an  extreme 

point. 

It  is  an  important  principle  that  in  the  process  of  selection 
man  almost  invariably  wishes  to  go  to  an  extreme  point. 
Thus,  there  is  no  limit  to  his  desire  to  breed  certain  kinds  of 
horses  and  dogs  as  fleet  as  poosible,  and  others  as  strong  as 
possible;  certain  kinds  of  sheep  for  extreme  fineness,  and 
others  for  extreme  length  of  wool ;  and  ho  wishes  to  produce 
fruit,  gmin,  tubers,  and  other  useful  parts  of  plants,  as  largo 
and  excellent  as  possible.  With  animals  bi*ed  for  amusement, 
the  same  principle  is  oven  more  powerful ;  for  fashion,  as  wo  sec 
in  our  di-ess,  always  runs  to  extremes.  This  view  has  been 
exproK^sly  admitted  by  fanciers.  •  Instances  were  given  in  the 
chaptei*8  on  the  pigeon,  but  here  is  another :  Mr.  Eaton,  after 
describing  a  comparatively  new  variety,  namely,  the  Arch- 
angel, remarks,  **  What  fanciers  intend  doing  with  this  bird 
**  I  am  at  a  loss  to  know,  whether  they  intend  to  breed  it 
**  down  to  the  tumbler's  head  and  beak,  or  carry  it  out  to  the 
**  carrier's  head  and  beak ;  leaving  it  as  they  found  it,  is  not 
**  progressing.**  Ferguson,  speaking  of  fowls,  says,  *'  their 
"  peculiarities,  whatever  they  may  ho,  must  necessarily  be 

fully  developed:    a  little  peculiarity  forms  nought  but 

ugliness,  seeing  it  violates  the  existing  laws  of  symmetry." 
So  Mr.  Brent,  in  discussing  the  merits  of  the  sub-varieties  of 
the  Belgian  canary-bird,  remarks,  **Fancici*8  always  go  to 
**  extremes ;  they  do  not  admire  indefinite  properties."  ^* 

This  principle,  which  necessarily  leads  to  divergence  of 
character,  explains  the  present  state  of  various  domostio 

*•  J.  M.  Eaton,  *  A  TreatiM    on      Mr.  Brent,  in   *  Cottage  OtMener,' 
Kancy  Pigeons,'  p.  82 ;  Fergoson,  on       Oct.  i860,  p.  13. 
Bare  and  Prize  Poultry,'  p.  162; 
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races.  Wo  can  thna  see  how  it  is  that  race-horses  atid  dray- 
horses,  greyhounds  and  mastifis,  which  are  opposed  to  6ach 
other  in  every  character, — how  varieties  so  distinct  as  Cochin- 
china  fowls  and  hantams,  or  carrier-pigeons  with  very  long 
beaks,  and  tumblers  with  excessively  short  beaks,  have  been 
derivetl  from  the  same  stock.  '  As  each  breed  is  slowly  im- 
proved, the  inferior  varieties  are  first  neglected  and  finally 
lost.  In  a  few  cases,  by  the  aid  of  old  records,  or  from  inter- 
mediate varieties  still  existing  in  countries  where  other 
fashions  have  prevailed,  we  are  enabled  partially  to  trace  the 
gi*aduated  changes  through  which  certain  breeds  have  passed. 
{Selection,  whether  methodical  or  unconscious,  always  tending 
towards  an  extreme  point,  together  with  the  neglect  and  slow 
extinction  of  the  intermediate  and  loss-valued  forms,  is  the 
key  which  unlocks  the  mystery  of  how  man  has  produced 
such  wonderful  results. 

In  a  few  instances  selection,  guided  by  utility  for  a  singlo 
purpose,  lias  led  to  convergence  of  character.  All  the  im-» 
proved  and  different  races  of  the  pig,  as  Nathusius  has  well 
shown,^*  closely  approcMsh  each  other  in.  character,  in  their 
shortened  logs  and  muzzles,  their  almost  hairless,  large, 
rounded  bodies,  and  small  tusks.  Wo  see  some  degree  of 
convergence  in  the  similar  outline  of  the  body  in  well-bred 
cattle  belonging  to  distinct  races.*^  I  know  of  no  other  such 
cases. 

Continuod  divergence  of  character  depends  on,  and  is  indeed 
a  clear  proof,  as  previously  remarked,  of  the  same  parts  con- 
tinuing to  vary  in  the  same  direction.  The  tendency  to  mere 
general  variability  or  plasticity  of  organisation  can  certainly 
be  inherited,  even  from  one  parent,  as  has  been  shown  by 
6&rtner  and  Kdlreuter,  in  the  production  of  varying  hybrids 
from  two  species,  of  which  one  alone  was  variable.  It  is  in 
itself  probable  that,  when  an  organ  has  varied  in  any  manner, 
it  will  again  vary  in  the  same  manner,  if  the  conditions  which 
first  caused  the  being  to  vary  remain,  as  far  as  can  be  judged, 
the  same.    This  is  either  tacitly  or  expressly  admitted  by  all 

■*  *  Die  Racen  des  Schwcines,'  1860,      head  by  M.  do  QnAtrefnges,  *  (JnlU  dt 
I.  48.  PEsptee  UuiMine,*  1801,  p.  1 10. 

**  See  fome  good  romarks  on  this 
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horticulturists :  if  a  gardener  observes  one  or  two  additional 
petals  in  a  fiowor,  lie  feels  confident  that  in  a  few  generations 
he  will  be  able  to  raise  a  double  flower,  crowded  with  petals. 
Some  of  the  seedlings  from  the  weeping  Moccas  oak  were  so 
prostrate  that  they  only  crawled  along  the  groimd.  A  seedling 
from  the  fastigate  or  upright  Irish  yew  is  described  as  differ- 
iitg  greatly  from  the  parent-form  **by  the  exaggeration  of 
the  fastigate  habit  of  its  branches."  '^  Mr.  Shirreff,  who  has 
been  highly  successful  in  raising  new  kinds  of  wheat,  remarks, 
'*  A  good  variety  may  safely  be  regarded  as  the  forerunner  of 
a  bettor  one."  ^'*  A  gi*eat  i-oso-growcr,  Mr.  Uivcrs,  bus  made 
the  same  remark  with  respect  to  roses.  Sagerct,^^  who  had 
large  experience,  in  speaking  of  the  future  progress  of  fruit- 
trees,  observes  that  the  xnost  important  principle  is  '*  that  the 
more  plants  have  departed  from  their  original  type,  the  more 
they  tend  to  depart  from  it."  There  is  apparently  much 
truth  in  this  remark ;  for  we  can  in  no  other  way  understand 
the  surprising  amount  of  difference  between  varieties  in  the 
parts  or  qualities  which  are  valued,  whilst  other  parta  retain 
nearly  their  original  character. 

The  foregoing  discussion  naturally  leads  to  the  question, 
what  is  the  limit  to  the  possible  amount  of  variation  in  any 
part  or  quality,  and,  consequently,  is  there  any  limit  to  what 
selection  can  effect  ?  Will  a  race-horse  ever  be  reared  fleeter 
than  Eclipse?  Can  our  prize-cattle  and  sheep  be  still  further 
improved?  Will  a  gooseberry  ever  weigh  more  tlian  that 
produced  by  ''London"  in  1852?  Will  the  beet-root  in 
Franco  yield  a  gi'eater  percentage  of  sugar?  Will  future 
varieties  of  wheat  and  other  grain  produce  heavier  crops  than 
our  present  varieties  ?  These  questions  cannot  bo  positively 
answered ;  but  it  is  certain  that  we  ought  to  be  cautious  in 
answering  them  by  a  negative.  In  some  lines  of  variation 
the  limit  has  probably  been  reached.  Youatt  believes  that 
the  reduction  of  bone  in  some  of  our  sheep  has  aliXMidy  been 
carried  so  far  that  it  entails  great  delicacy  of  constitution.^^ 

«>  Verlot,  <  Des  VariiSUs,*  1865,  p.  •*  <  Pomologie  Physiolog.,'  1830,  p. 

94.  106. 

•*  Mr.  Piitrick  Shirreff,  in  *  Oard.  **  f  onatt  on  Sh«ep,  p.  521. 
Chronicle,'  1858,  p.  77L 
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But  seeing  the  great  improvement  within  reoent  times  in  oar 
cattle  and  sheep,  and  especially  in  onr  pigs;  seeing  the 
wonderful  increase  in  weight  in  our  poultry  of  all  kinds 
during  the  last  few  years;  he  would  be  a  bold  man  who 
would  assert  that  perfection  has  been  reached.  It  has  often 
boon  said  that  Eclipse  never  was,  and  never  will  be,  beaten  in 
speed  by  any  other  horse;  but  on  making  inquiries  I  find 
that  the  best  judges  believe  that  our  present  race-horses  are 
fleeter.**  The  attempt  to  raise  a  new  variety  of  wheat  more 
productive  than  the  many  old  kinds,  might  have  been  thought 
until  lately  quite  hopeless;  but  this  has  been  effected  by 
Major  Hallett,  by  careful  selection.  With  respect  to  almost 
all  our  animals  and  plants,  thoso  who  aro  best  qualiflod  to 
judge  do  not  believe  that  the  extreme  point  of  porfoction  has 
yet  been  reached  even  in  the  characters  which  have  already 
been  carried  to  a  high  standard.  For  instance,  the  short- 
faced  tumbler-pigeon  has  been  greatly  modified ;  nevertheless, 
according  to  Mr.  Eaton,**  ^*  the  field  is  still  as  open  for  fresh 
competitors  as  it  was  one  hundred  years  ago.*'  Over  and 
over  again  it  has  been  said  that  perfection  had  been  attained 
with  our  flowers,  but  a  higher  standard  has  soon  been  reached. 
Hardly  any  fruit  has  been  more  improved  than  the  straw- 
lierry,  yet  a  great  authority  remarks,*^  *'it  must  not  be 
concealed  that  we  are  far  from  the  extreme  limits  at  which 
we  may  arrive." 

Ko  doubt  there  is  a  limit  beyond  which  the  organisation 
cannot  be  modified  compatibly  with  health  or  life.  The 
extreme  degree  of  fleetness,  for  instance,  of  which  a  terrestrial 
animal  is  capable,  may  have  boon  acquired  by  our  present 
race-horHCs;  but  as  Mr.  Wallace  has  well  remarked,**  the 
question  that  interests  us,  *'  is  not  whether  indefinite  and  un- 
"  limited  change  in  any  or  all  directions  is  possible,  but 
"  whether  such  differences  as  do  occur  in  nature  could  have 
'*  been  produced  by  the  accumulation  of  varieties  by  selection." 
And  in  the  case  of  our  domestic  productions,  there  can  be  no 

**  See    also    Stonehenge,  *  British  Chron.,'  1858,  p.  173. 

RnrmI  Sports,'  edition  of  1871,  p.  884.  •*  *  Contribattons  to  the  Theorj  of 

••  <A    Treatise    on    the    Almond  Natural  Selection,'  2nd  edit.,  1871, 

Tumbler/ p.  I  p.  292. 

•'  M.    J.    de   Jonghe,    in  'Qard. 
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doubt  that  miany  parts  of  the  organisation,  to  which  man  has 
attended,  hare  been  thus  modified  to  a  greater  degree  than 
the'  oohresponding  parts  in  the  natnral  species  of  the  same 
genera  or  even  families.  We 'see  this  in  the  form  and  size 
of  <our  light  and  heavy  dogs -or  horses; — in  the  beak  and  many 
other  characters  of  our  pigeons, — in  the  size  and  quality  of 
many  fruits,-^in  comparison  with  the  species  belonging  to 
the  same  natural  groups.  •    -.  .. . 

'  I'ime  is  an^  important  element  in  the  formation  of  our 
domestic  raocs,  as  it'  permits' innumerable  individuals  to  bo 
bom,  and  these  when  ozposod  to  diversified  conditions  ard 
rendered  variable.  Methodical  selection  has  been  occasionally 
practised  from  an  ancient  period  to  the  present  ilay,  even  by 
semi-civilised  people,  and  during  former  times  will  have  pro- 
duced' some  effect.  Unconscious  selection  will  have  been  still 
more  effective;  for-  during  a  lengthened  period  the  more 
valuable  individual  animals  will  occasionally  have  been 
saved,  and  the  lees  valuable  neglected.  In  the  course  of  time, 
different  varieties,  especially  in  the  less  civilised  countries, 
will  also  have  been  more  or  less  modified  through  natural 
selection.  It  is  generally  believed,  though  on  this  head  we 
have  little  or  no  evidence,  that  now  characters  in  time  be- 
come fixed ;  and  after  having  long  remained  fixed  it  seems  pos- 
sible that  under  new  conditions  they  might  again  be  rendered 
variable. 

How  great  the  lapse  of  time  has  been  since  man  first  do- 
mesticated animals  and  cultivated  plants,  we  begin  dimly  to 
see.  When  the  lake-dwellings  of  Switzerland  were  inhabited 
during  the  Neolithic  period,  several  animals  were  already 
domesticated  and  vaiious  plants  cultivated.  The  science  of 
language  tells  us  that  the  art  of  ploughing  and  sowing  the 
land  was  followed,  and  the  chief  animals  had  been  already 
domesticated,-  at  an  epoch  so  immensely  remote,  that  the 
Sanskrit,  Greek,  Latin,  Gothic,  Celtic,  and  Sclavonic  languages 
had  not  as  yet  diverged  from  their  common  parent-tongue.^* 

It  is  scarcely  possible  to  overrate  the  effects  of  selection 
occasionally  carried  on  in  various  ways  and  places  during 
thousands  of  generations.    All  that  we  know,  and,  in  a  still 

^  Mai  Muller,  'Science  of  Language,'  1861,  p.  228. 
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Btronger  degree,  all  that  we  do  not  know,^^  of  the  hiatory  of 
the  great  majority  of  our  breeds,  even 'of  our  more  modem 
breeds,  agrees  vnik  the  view  that  their  produotiod,  through 
the  aotion  of  unoonscious  and  methodical  selection,  has  beea 
almost  insensibly  slow.  'When  a  man  attends  rather; more 
closely  than  is  usual  to  tho  breeding  of' his  animals,  lie  is 
almost  sure  to  improve  them  to  a  slight* extent. ^  They  are 
in  oonsequenoe  valued  in  his  immediate  neigh\>ourhood,  and 
are  bred,  by  others ;  and*  their  oharaoteristio  features,  whatever 
these  may  be,  will  *  then  slowly  but  steadily  bo  increased, 
sometimes  by  methodical  and  almost  always  by/ unoonscious 
selection.  At  last  a  strain,  deserving  to  be  called  a  sub-yariety, 
becomes  a  little  more  widely  known,  receives  a  locarl  name, 
and  spreads.  The  spreading  will  have  been  extremely  slow 
during  ancient  and  less  civilised- times,. but  now. r is ^ rapid. 
By  the;  time  that  the  new  breed  had  assumed  a  somewhat 
distinct  ^  character,  its  history,  hardly  noticed -at  the:' time, 
will  have  been  completely  forgotten ;  fpr^  as  Low,  remarks,^^ 
**  we    know  how  quickly  the  'memLOry*  of  r.isu^  •  events :  is 

effaced."'  •     "  •  ■• -.  *     '"•   f---  "^'    -i-''  r>  - 

As  soon  as  a  new  breed  is  thus  formed,  it  is  liable  through 
the  same  process -to  break  up*  into  new  strains  and  sub- 
varieties.  '  For  different  varieties  are  suited  for,  fmd  are 
valued  under,  different  circumstances. '  Fashion  changes,  but, 
should  a  fashion  last  for  even  a  moderate  length  of  time,  so 
strong  is  the  principle  of  inheritance,  that  some^  effect  will 
probably  be  impressed  on  the  breed.  Thus  varieties  go  on 
increasing  in  number,  and  history  shows  us  how  wonderfully 
they  have  increased  since  the  earliest  records.^'  As  each 
new  variety  is  produced,  the  earlier,  intermediate,  and  less 
valuable  forms  will  be  neglected,  and  perish.-  When  a  breed, 
from  not  being  valued,  is  kept  in  small  numbers,  its  extino* 
tion  almost  inevitably  foUows  sooner  or  later,  either  from 
accidental  causes  of  destruction  or  from  dose  interbreeding ; 
and  this  is  an-  event  which,  in  the  case  of  well-marked  breeds, 
excit(BS  attention.  The  birth  or  production  of  a  new  domestic 
race  is  so  slow  a  process  that  it  escapes  notice ;  its  death  or 

^  YoiiflU  on  Cattle,  pp.  IIB,  128.  ^  Voli,  <Dcitrft||re  sar  Kiiltnrgei 

'*  <  Domesticated  AnimalM,'  p.  188.      schichte,'  1852,  a.  99  etpas^un. 
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destraotion  is  oomparativelj  sadden,  in  often  recorded,  and 
when  too  late  Bometimes  regretted. 

Seyeral  authors  have  drawn  a  wide  distinction  between 
arti&nal  and  natural  raoes.  The  latter  are  more  uniform  in 
ohaiaotery  possessing  in  a  high  degree  the  appearance  of 
natural  species,  and  are  of  ancient  origin.  They  are  generally 
found  in  less  ciyilised  countries,  and  have  probably  been 
largely  modified  by  natural  selection,  and  only  to  a  small 
extent  by  man's  unconscious  and  methodical  selection.  They 
have,  also,  during  a  long  period,  been  directly  acted  on  by 
the  physical  conditions  of  the  countries  which  they  inhabit. 
The  so-called  artificial  races,  on  the  other  hand,  are  not  so 
uniform  in  character;  some  have  a  semi-monstrous  character, 
such  as  **  the  wry-legged  terriers  so  useful  in  rabbit-shoot- 
ing,"^' turnspit  dogs,  anoon  sheep,  niata  oxen,  Polish  fowls, 
fantail-pigeons,  &o, ;  their  characteristic  features  have  gene- 
rally been  acquired  suddenly,  though  subsequently  increased 
by  careful  selections  in  many  cases.  Other  races,  which 
certainly  must  be  called  artificial,  for  they  have  been  largely 
modified  by  methodical  selection  and  by  crossing,  as  the 
English  race-horse,  terrier-dogs,  the  English  game-cock, 
Antwerp  carrier-pigeons,  &o,^  nevertheless  cannot  be  said  to 
have  an  unnatural  appearance;  and  no  distinct  line,  as  it 
seems  to  me,  can  be  drawn  between  natural  and  artificial 
races. 

It  is  not  surprising  that  domestic  races  should  generally 
present  a  different  aspect  from  natural  spedes.  Man  selects 
and  propagates  modifications  solely  for  his  own  use  or  fancy, 
and  not  for  the  creature's  own  good.  His  attention  is  struck 
by  strongly  marked  modifications,  which  have  appeared 
suddenly,  due  to  some  great  disturbing  cause  in  the  organi- 
sation. He  attends  almost  exclusively  to  external  characters ; 
and  when  he  succeeds  in  modifying  internal  organs, — ^when 
for  instance  he  reduces  the  bones  and  offal,  or  loads  the  visouru 
with  fat,  or  gives  early  maturity,  &a, — the  chances  are 
strong  that  he  will  at  the  same  time  weaken  the  constitution. 
On  the  other  hand,  when  an  animal  has  to  struggle  through- 
out its  life  with  many  competitors  and  enemies,  under 
'*  Blaine,  *  Enc/clop.  of  Rural  Sportu,'  p.  218. 
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oiroumstanoes  inoonoeivably  complex  and  liable  to  ohange, 
modifications  of  the  most  yaried  nature  in  the  internal  organs 
as  well  as  in  external  characters,  ii^  the  functions  and  mutual 
relations  of  parts,  will  be  rigorously  tested,  preserved,  or 
rejected.  Natural  selection  often  checks  man's  comparativelj 
feeble  and  capricious  attempts  at  improvement ;  and  if  it  were 
not  so,  the  result  of  his  work,  and  of  nature's  work,  would  be 
oven  still  more  different.  Nevertheless,  we  must  not  overrate 
the  amount  of  difference  between  natural  species  and  domestic 
raoce ;  the  most  experienced  naturalists  have  often  disputed 
whether  the  latter  are  descended  from  one  or  from  several 
aboriginal  stocks,  and  this  clearlj  shows  that  there  is  no 
palpable  difference  between  species  and  races. 

Domestic  races  propagate  their  kind  far  more  truly,  and 
endure  for  much  longer  periods,  than  most  naturalists  arc 
willing  to  admit.  Breeders  feel  no  doubt  on  this  head :  ask 
a  man  who  has  long  reared  Shorthorn  or  Hereford  cattle, 
Leicester  or  Southdown  sheep,  Spanish  or  Game  poultry, 
tumbler  or  carrier-pigeons,  whether  these  races  may  not  have 
been  derived  from  common  progenitors,  and  he  will  probably 
laugh  you  to  scorn.  The  breeder  admits  that  he  may  hope 
to  produce  sheep  with  finer  or  longer  wool  and  with  bettor 
carcases,  or  handsomer  fowls,  or  carrier-pigeons  with  beaks 
just  perceptibly  longer  to  the  practised  eye,  and  thus  be 
successful  at  an  exhibition.  Thus  far  he  will  go,  but 
no  farther.  He  does  not  reflect  on  what  follows  from 
adding  up  during  a  long  course  of  time  many  slight, 
successive  modifications ;  nor  does  he  reflect  on  the  former 
existence  of  numerous  varieties,  connecting  the  links  in  each 
divergent  line  of  descent.  He  concludes,  as  was  shown  in 
the  earlier  chapters,  that  all  the  chief  breeds  to  which  he 
has  long  attended  are  aboriginal  productions.  The  systomatio 
naturalist,  on  the  other  hand,  who  generally  knows  nothing 
of  the  art  of  breeding,  who  does  not  pretend  to  know  how 
and  when  the  several  domestic  races  were  formed,  who  cannot 
have  seen  the  intermediate  gradations,  for  they  do  not  now 
exist,  nevertheless  feels  no  doubt  that  these  races  are  sprung 
from  a  single  source.  But  ask  him  whether  the  idosely 
aUied  natural  species  which  he  has  studied  may  not  hav^ 
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doBoended  from  a  bommon  progenitor,-  iand  he  in  his  turn  will 
perhaps  reject  the  notion  withsoom.^  Thtis  the  naturalist 
and  breeder!  may  mutiiallj  learn  a<  useful  lesson  from  each 
other«>.'* '  .A'.'  '  :'''.'i'  "..J »  ■  i  -:■'.  -  *  ^'  "  ••■  •.'••,...•'. 
;  5ttmmary*im  :8el&Uioh>hy  Man^^^There  caA  be  no  doubt  that 
methodicar  selection' has  effected  and'  will  effect  wonderful 
results. ..  It  was.  occasionally  practised  in .  ancient  times,  aiid 
is'Still  practised  by  semi^nnvilised  people.  ^  Characters  of  the 
highest  importance,  and«oihersof  trifling  yalue,  have  been 
attended  to,  iand  modified;  }•  I  n:e0d  not 'here  repeat  what  has 
been  so  often-said  on-the- part  which- unconscious  selection 
has  played :  we  see  its  power  in  the  difference  between  flocks 
which  have  been  separately  bred,  and  in  the  slow  changes, 
as  circumstances  have  slowly  changed,,  which  many  animals 
have  undergone. in  the  same  country,  or  when-  transported 
into  a  foreign,  land.  >  We  see  the  combined  effects  of  methodi- 
cal and  unconscious  » selection,  in  the  great  '  amount  of 
difference  in  those  parts  or  qualities  which  are  •  valued  by  man 
in  comparison <  with  the  parts  which. tare  not  valued,  and 
consequently  have  -not  been  attended  to.  Natural  selection 
often  determines  man's  power  of  selection.  ^  We  sometimes 
err >  in  imagining  that  chai-acters,  which  are  considered,  as 
unimportant  *  by.  .the  systematic  naturalist,  ^  could .  not  be 
affected  by  the  struggle  for  existence,  and  could  not  be  acted 
on  by  natural  selection ;  but  striking  cases  have  1)een  given^ 

showing  how  greatan  error  this  is.       •  •  - 

.  >The  possibility  of  selection-  coming  into  action  rests  on 
variability ;  and  this  is  mainly  caused,  as  we  shall  hereafter 
seei,  by  changes  in  the  conditions  of  life.  Selection  is  some* 
times  rendered  difficult,  or  even  impossible,  by  the  conditions 
being  opposed  to  the  desired  character  or  quality.  It  is 
sometimes*  checked  by  the  lessened  fertility  and  weakened 
constitution  which  follow  from  long-continued-  dose  inter- 
breeding. That  methodical  selection  may  be  successful,  the 
dosest  attention  and  discernment,- combined  with  unwearied 
patience,  are  .absolutely  necessary ;  and  these  same  qualities, 
though  not  indispensable,  are* highly  serviceable  in  the  case 
of  unconscious-  selection.  •  It  is  almost-necessary  that  a  large 
number  of  individuals  should  be  reared;  for  thus  there  wU] 
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be  a  fair  chance  of  variations  of  the  desired  nature  arising, 
and  of  every  individual  with  the  slightest  blemish  or  in  any 
degree  inferior  being  freely  rejected.  Hence  length  of  time 
is  an  important  element  of  success.  Thus,  also,  reproduction 
at  an  early  age  and  at  short  intervals  favours  the  work. 
Facility  in  pairing  animals,  or  their  inhabiting  a*  confined 
area,  is  advantageous  as  a  check  to  free  crossing.  Whenever 
and  wherever  selection  is  not  practised,  distinct  races' are  not 
formed  within  the  same  country.  When  any  one  part  of  the 
body  or  one  quality  is  not  attended  to,  it  remains  either  un- 
changed or  varies  in  a  fluctuating  manner,  whilst  at  the  same 
time  other  parts  and  other  qualities  may  become  permanently 
and  greatly  modified.  But  from  the  tendency  to  reversion  and 
to  continaed  variability,  those  parts  or  organs  which  are  now 
undergoing  rapid  improvement  through  selection,  are  likewise 
found  to  vary  much.  Consequently  highly-bred  animals  when 
neglected  soon  degenerate ;  but  we  have  no  reason  to  believe 
that  the  effects  of  long-continuod  selection  would,  if  the  con- 
ditions, of  life  remained  the  same,  be  soon  and  cpmpletely  lost. 
Man  always  tends  to  go  to  an  extreme  point  in  the  selection, 
whether  methodical  or  unconscious,  of  all  useful  and  pleasing 
qualities.  This  is  an  important  principle,  as  it  loads  to  con- 
tinued divergence,  and  in  some  rare. cases  to  convergence  of 
character.  The  possibility  of  continued  divergence  rests  on 
the  tendency  in  each  part  or  organ  to  go  on  varying  'in  the 
same  manner  in  which  it  has  already  varied ;  and.  that  this 
occurs,  is  proved  by  the  steady  and  gradual  improvement  of 
many  animals  and  plants  during  lengthened  periods.  The 
principle  of  divergence  of  character,  combined  with  the 
neglect  and  final  extinction  of  all  previous,  Icss-valucd,  and 
intermediate  varieties,  explains  the  amount  of  difference  and 
the  distinctness  of  our  several  races.  Although  we  may  have 
reached  the  utmost  limit  to  which  certain  characters  can  be 
modified,  yet  we  are  far  from  having  reached,  a§  we  have 
good  reason  to  believe,  the  limit  in  the  majority  of  cases. 
Finally,  from  the  difference  between  selection  as  carried  on 
by  man  and  by  nature,  we  can  understand  how  it  is  that 
domestic  races  often,  though  by  no  means  always,  differ  in 
general  aspect  from  closely  allied  natural  species. 
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Throughout  this  chapter  and  elsewhere  I  have  spoken  of 
selection  as  the  paramount  power,  yet  its  action  absolutely 
depends  on  what  we  in  our  ignorance  call  spontaneous  or 
accidental  variability.  Let  an  architect  be  compelled  to 
build  an  edifice  with  uncut  stones,  fallen  from  a  precipice. 
The  sliape  of  each  fragment  may  be  called  accidental;  yet 
the  shape  of  each  has  been  determined  by  the  force  of  gravity, 
the  nature  of  the  rock,  and  the  slope  of  the  precipice, — events 
and  circumstances,  all  of  which  depend  on  natural  laws ;  but 
there  is  no  relation  between  those  laws  and  the  purpose  for 
which  each  fragment  is  used  by  the  builder.  In  the  same 
manner  the  variations  of  each  creature  are  determined  by 
fixed  and  immutable  laws ;  but  these  bear  no  relation  to  the 
living  structure  which  is  slowly  built  up  through  the  power 
of  selection,  whether  this  be  natural  or  artificial  selection. 

If  our  architect  succeeded  in  rearing  a  noble  edifice,  using 
the  rough  wedge-shaped  fragments  for  the  arches,  the  longer 
stones  for  the  lintels,  and  so  forth,  we  should  admire  his  skill 
even  in  a  higher  degree  than  if  he  had  used  stones  shaped  for 
the  purpose.  So  it  is  with  selection,  whether  applied  by 
man  or  by  nature ;  for  although  variability  is  indispensably 
necessary,  yet,  when  we  look  at  some  highly  complex  and 
excellently  adapted  organism,  variability  sinks  to  a  quite 
subordinate  position  in  importance  in  comparison  with  selec- 
tion, in  the  same  manner  as  the  shape  of  each  fragment  used 
by  our  supposed  architect  is  unimportant  in  comparison  with 
hisskilL 
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CHAPTER  XXTL 

0AU8E8  07  TABIABILITT. 

TAKABILITY  DOBB  HOT  ITEOEBSASILT  AOCX>MPANT  BBPllODnOllOK— OAUSBi 
ABSOWBD  BT  TJkBKOUfl  AmnBOR^— HTDITIDUAL  DIFfBBBKOn— TABIABILITT 
or  BTBtT  KIND  DDB  TO  OHANQSD  OOBDITIOVS  OF  UFB— OH  THH  HATUBi 
or  0UOH  ORAHOBB  —  OLZMATB,  VOOD,  HXCBSB  OW  HTTBDCXHT  —  8LI0BT 
CHAHGBB  SUFnOIBMT— Bmon  QT  OBARIHa  OH  THH  TABIABILITT  OF 
BBBDUHa-TBBBS — 1X00000  FBODUOnOHB  BBOOMH  HABITDATBD  lO 
OHAHGED  C0NDITI0H8 — OH  THH  AOODMULATITH  AOTIOH  OF  CHAHOHD 
OOHDmOHB— CL06H  INTBBBBEBDIHO  AHD  TBB  XMAO&TATIOH  OF  THH 
MOTHEB  BUPltWHD  TO  GAUBH  TABIABILITT— OBOSBDia  AB  A  OAUBB  OF 
THH  AFFBABAHOH  OF  HHW  OHARAOTBBB— TABIABILITT  FROK  THH  00M« 
UINOLIHO  OF  0HABA0THB8  AHD  FBOK  RHTBB8I0H— OH  THH  XAHHHB  AHD 
PHBIOD  OF  AOTIOH  OF  THH  GAUBBB  WHICH  HITRKB  DnUBOTLT,  OB  1H- 
DUUBOTLT  THBOUCUH  THH  BBPBODUOTITH  STBTHM,  XHDUGB  TABIABILITT. 

Wb  will  now  consider,  as  far  as  we  can,  the  causes  of  the 
almost  nniTersal  yariabilitj  of  our  domesticated  productions. 
The  subject  is  an  obscure  one ;  but  it  may  bo  useful  to  probe 
our  ignorance  Some  authors,  for  instance  Dr.  Prosper  Lucas, 
look  at  yariability  as  a  necessary  contingent  on  reproduction, 
and  as  much  an  aboriginal  law  as  growth  or  inheritance. 
Others  have  of  late  encouraged,  perhaps  unintentionally,  this 
view  by  speaking  of  inheritance  and  variability  as  equal  and 
antagonistic  principles.  Pallas  maintained,  and  he  has  had 
some  followers,  that  variability  depends  exclusively  on  the 
crossing  of  primordially  distinct  forms.  Other  authors  attri- 
bute variability  to  an  excess  of  food,  and  with  animals  to  an 
excess  relatively  to  the  amount  of  exercise  taken,  or  again  to 
the  effects  of  a  more  genial  climate.  That  these  causes  are 
all  effective  is  highly  probable.  But  we  must,  I  think,  take 
a  broader  view,  and  conclude  that  organic  beings,  when  sub- 
jected during  several  generations  to  any  change  whatever  in 
their  conditions,  tend  to  vary ;  the  kind  of  variation  which 
ensues  depending  in  most  cases  in  a  far  higher  degree  on  the 
nature  or  constitution  of  the  being,  than  on  the  nature  of  the 
ohanged  conditions. 
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Those  authors  who  believe  that  it  is  a  law  of  nature  that 
each  individnal  should  differ  in  some  slight  degree  £rom  eveiy 
other,  may  maintain,  apparently  with  truth,  that  this  is  the 
fact,  not  only  with  aU  domesticated  animals  and  oultivated 
plants,  but  likewise  with  all  organic  beings  in  a  state  of 
nature.  The  Laplander  by  long  practice  knows  and  gives 
a  name  to  each  reindeer,  though,  as  Linnssus  remarks,  "  to 
distinguish  one  from  another  among  such  multitudes  was 
'beyond  my  comprehension,  for  they  were  like  ants  on  an  ant- 
hilL"  In  Germany  shepherds  have  won  wagers  by  recog- 
nising each  sheep  in  a 'flock  of  a  hundred^  which  tiiey  had 
never  seen  until,  the  previous .  fortnight.  This  'power  of 
discrimination,  however,  is -as  nothing,  compared,  to  that 
which  -some  florists  have  acquired.  Yerlot  mentions  a 
gardener  who  could  distinguish  150  kinds  of  camellia,  when 
not  in  flower;  and  it  has  been:  positively  asserted  that  the 
famous  old.  Dutch  florist  Yoorhelm,.  ivhp  kept  above  1200 
varietieis  of  the  hyacinth,  was  hardly  ever  deceived  in  knowing 
each  variety^  by  the  bulb  alone.  •  Hence  we  must  conclude 
that  the  bulbs  of  the  hyacinth-  and  the  branches  and  leaves 
of  the.  camellia,)  though  appearing  to  *  an  ^unpractised  eye 
absolutely  iUndistingpiishable,  yet  really  differ. V 
...  As  LinA»us  has  compared  .the  reindeer  in.  number  •  to  an  t«. 
I  may  addtthat  each  ant  knows  .its  fellow  of  the  same  com- 
munity. ..Several  timesil  catriedants  of  the. same  species 
(FamUea»  ruf a),  from  one  .ant-hill  .to.  another,  inhabited 
apparently,  by  tens. of. thousanda  of  ants;  but  the  strangers 
were  instantly  detectedt  and.  killed.  .1 .  then,  put  some  ants 
taken  from  a  very  large  nest  into  a  bottle  strongly  perfumed 
with  assafodtida,  and  after-  an  interval  of  twenty<^four  hours 
returned  them  to  their,  home ;  they  were  at  first  threatened 
by  their  fellows,  but  were  soon  recognised  and  allowed  to 
pass..  Hence, each  ant  certainly  recognised,  independently  of 
odour,  its  fellow;  and  if  all  the  ants  of  the  same  community 
have  not  some  countersign  or  watchword,  they  must  present 
to  each  other's  senses  some  distinguishable  character.  • 

>  <  Des  Jadntho,'  &c.,  Amsterdam,  latad  by  Sir  J.  E.  Smith,  rol.  i.  p. 

1768,  p.  43;  Verl^t,  'Dm  VarUt^'  ,314.      The  sUtement  in  regard  to 

lie.,  p.  86.     On  the    reindeer,  m»  Qerrnnn  shepherdi  it  given  on  th) 

Unnieiu,  *Toor  in  Lapland,'  tram-  aathority  of  0r.  Weinland.     • 
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The  dissimilarity  of  biothers  or  sisters  of  the  same  family, 
and  of  seedlings  from  the  same  capsule,  may  be  in  part 
acooimted  for. by  the  unequal  blending  of  the  oharaoters  of 
,tbe  two  parents,  and  by  the  more  or  less  complete  reoovery 
through  reversion  of  ancestral  characters  on  either  side ;  but 
wc  thus  only  push,  the  difficulty  further  back  in  time,  for 
what  made  the  parents  or  their  progenitors  different?  '  Hence 
the  belief '4hat  an  innate  tendency  to  vary  exists,  indepen 
iently  of  external  differences,  seems  at  first  sight  probable. 
But  even  the  seeds  nurtured  in.  the  same  capsule  are  not  sub- 
jected to  absolutely  uniform  conditions,  as  they  draw  their 
nourishment  from  different  points ;  and  we  shall  see  in  a  future 
chapter  that  this  difference  sometimes  suffices  to  affect  the 
character  of  the  future  plant.  The  greater  dissimilarity  of 
the  successive  children  of  the  same  family  in  comparison  with 
twins,  which  often  resemble  each  other  in  external  appearance, 
mental  .disposition,  .and  constitution,  in  so  extraordinary  a 
manner,  apparently  proves  that  the  state  of  the  parents  at  the 
exact  period  of  conception,  or  the  nature  of  the  subsequent 
embryonic  development,  has  a  direct  and  powerful  influence 
pn  the  character  of  the  oflGspring.    Nevertheless,  when  we 

*  Muller'fl  *  Physiology/  Eng.  inm*^ 
latlon,  vol.  ii.  p.  1662.  With  respect 
to  the  dmilarity  of  twins  in  consti- 
tution, Dr.  William  Ogle  has  given  me 
the  following  extract  from  Professor 
Tronsseau's  Csctores  ('  Cliniqoe  MMi- 
cale,'  torn.  L  p.  523),  in  which  a 
curioos  cose  is  recorded  :•— *'  J'ai  donn^ 
mes  soins  i  deux  frtres  jumeaoz,  tons 
deux  si  extraordinairement  ressom- 
blanU  qa'ii  m*^Uit  imponible  de  les 
«*ecunnaitre,  i  moins  de  les  roir  Pun 
i  cbU  de  Paiitre.  Cette  ressemblance 
physique  B*dtcndait  plus  loin:  ils 
ivaient,  permettes-moi  Pexpression, 
hne  similitude  pathologique  pics  re^ 
marquable  encore.  Ainsi  Pun  d'eux 
que  je  Tovais  anx  ntothermes  i  Paris 
malaJe  d  nne  ophthalmia  rhumatis- 
male  me  disait,  '  En  ce  moment  mon 
fr^re  doit  aroir  nne  ophthalmia  comma 
la  mienne ; '  et  comma  je  m'etais  rtori^ 
.1  me  montrait  quelques  jours  apr6s 
•no  lattre  qn'il  venait  de  rcoeroir  de 
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ce  frtee  alors  i  Vienne,  et  qui  lui  itcri- 
Tait  en  eflet — 'J*ai  mon  ophthalmia, 
tn  dois  avoir  la  tienna.'  Qnelque  ^in- 
gnlier  qne  oeci  puisse  paraitre,  le  fait 
n'en  est  pas  moins  exact :  on  ne  me  Pa 
pas  racont^,  je  Pai  tu,  et  j'en  ai  tu 
d'autres  analogues  dans  ma  pratique. 
Ces  deux  jnmeanx  tftaient  aussi  tous 
deux  asthmatiques,  et  asthmatiqnes 
4  on  eflroyable  degr^  Originaires  de 
Marseille,  lis  n'ont  jamais  pu  de- 
meurer  dans  cette  Tille,  oil  leurH 
int^rits  IdS  appelaient'souvent,  sans 
Itro  pris  de  leurs  accte ;  jamais  ils  nVn 
^pronvaicnt  i  Paris.  Bien  mieiix.  il 
leor  sufRsait  de  gagner  Toulon  |>our 
6tre  gu^ris  de  leurs  attaques  de  Miir- 
seille.  Voyageant  sans  oesse  et  dan.< 
tons  pays  pour  lenrs  affaires,  lU 
avnient  remarqn^  que'  rertaines 
]ocalit4s  leur  ^taieni  Atnestes,  que 
dans  d'autres  ils  ^taiast  exempts  d< 
tout  phdnom^ne  d'opprMilon." 
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reflect  on  the  individual  differenceB  between  organic  beings  in 
a  state  of  nature,  as  shown  by  every  wild  animal  knowing  its 
mate;  and  when  we  reflect  on  the  infinite  diversity  of  the 
many  varieties  of  onr  domesticated  productions,  we  may  well 
be  inclined  to  exclaim,  though  falsely  as  I  believe,  that 
Variability  must  be  looked  at  as  an  ultimate  fact,  necessarily 
contingent  on  reproduction. 

'J'hoee  authors  who  adopt  this  latter  view  would  pi-obably 
deny  that  each  separate  variation  has  its  own  proper  exciting 
cause.  Although  we  can  seldom  trace  the  precise  relation 
between  cause  and  effect,  yet  the  considerations  presently  to 
be  giyen  lead  to  the  conclusion  that  each  modification  must 
have  its  own  distinct  cause,  and  is  not  the  result  of  what  we 
blindly  call  accident.  The  following  striking  case  has  been 
communicated  to  me  by  Dr.  William  Ogle.  Two  girls,  born 
as  twins,  and  in  all  respects  extremely  alike,  had  their  little 
fingers  on  both  hands  crooked;  and  in  both  children  the 
second  bicuspid  tooth  of  the  second  dentition,  on  the  right  side 
in  the  upper  jaw  was  misplaced ;  for,  instead  of  standing  in  a 
line  wiUi  the  others,  it  grew  from  the  roof  of  the  mouth 
behind  the  first  bicuspid.  Neither  the  parents  nor  any  other 
members  of  the  family  were  known  to  have  exhibited  any 
similar  peculiarity ;  but  a  son  of  one  of  these  girls  had  the 
same  tooth  similarly  misplaced.  Now,  as  both  the  girls  were 
affected  in  exactly  the  same  manner,  the  idea  of  accident  is  at 
once  excluded :  and  we  are  compelled  to  admit  that  there 
must  have  existed  some  precise  and  sufficient  cause  which,  if 
it  had  occurred  a  hundred  times,  would  have  given  crooked 
fingers  and  misplaced  bicuspid  teeth  to  a  hundred  childxen. 
It  is  of  course  possible  that  this  case  may  have  been  due  to 
reversion  to  some  long-forgotten  progenitor,  and  this  would 
much  weaken  the  value  of  the  argument.  I  have  been  led  to 
think  of  the  probability  of  reversion,  from  having  been  told  by 
Mr.  Qalton  of  another  cose  of  twin  girls  bom  with  their  little 
fingers  slightly  crooked,  which  they  inherited  from  their 
maternal  grandmother. 

We  will  now  consider  the  general  arguments,  which  appear 
to  me  to  have  great  weight,  in  favour  of  the  view  that  varia- 
tions of  all  kinds  and  degrees  are  directly  or  indirectly  caused 
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by  thj  oonditions  of  life  to  which  each  being,  and  more 
espedially  its  anoestors,  have  been  ezpoeed. 

No  one  doubts  that  domestioated  productionB  are  more 
variable  than  organic  beings  which  have  never  been  removed 
from  their  natural  conditions.  Monstrositios  graduate  so  in- 
sensibly into  mere  variations  that  it  is  impossible  to  separate 
them ;  and  all  those  who  have  studied  monstrosities  believe 
that  they  are  far  oommoner  with  domestioated  than  with  wild 
animals  and  plants ; '  and  in  the  case  of  plants,  monstrosities 
would  be  equally  noticeable  in  the  natural  as  in  the  cultivated 
state.  Under  nature,  the  individuals  of  the  same  species  are 
exposed  to  nearly  uniform  conditions,  for  they  are  rigorously 
kept  to  their  proper  places  by  a  host  of  competing  animals  and 
plants ;  they  have,  also,  long  been  habituated  to  their  condi- 
tions of  life ;  but  it  cannot  be  said  that  they  are  subject  to 
quite  uniform  conditions,  and  they  are  liable  to  a  certain 
amount  of  variation*  The  circumstances  under  which  our 
domestic  productions  are  reared  are  widely  different:  they 
are  protected  from  competition;  they  have  not  only  been 
removed  from  their  natural  conditions  and  often  from  their 
native  land,  but  they  are  frequently  carried  from  district  to 
district,  whore  they  are  treated  differently,  so  that  they  rarely 
remain  during  any  considerable  length  of  time  exposed  to 
closely  similar  conditions.  In  conformity  with  this,  all  our 
domesticated  productions,  with  the  rarest  exceptions,  vary  far 
more  than  natural  species.  The  hive-bee,  which  feeds  itself  and 
follows  in  most  respects  its  natural  habits  of  life,  is  the  least 
variable  of  all  domesticated  animals,  and  probably  the  goose 
is  the  next  least  variable;  but  even  the  goose  varies  more 
than  almost  any  wild  bird,  so  that  it  cannot  bo  aililiatod  with 
perfect  certainty  to  any  natural  species.  Hardly  a  single 
plant  can  be  named,  which  has  long  been  cultivated  and 
propagated  by  seed,  that  is  not  highly  variable ;  common  rye 
(Secale  ceredUi)  has  afforded  fewer  and  less  marked  varieties 
than  almost  any  other  cultivated  plant  ;^  but  it  may  be 

>  Isid.  Oeoffroy  St.-Hilalie,  'Hist.       1841,  p.  115. 
ies  Anomalies,' torn.  iii.  p.  853;  Mo-  *  Metxger,     *LH6    Qatreiiearteo, 

quin-Tandon,  <T^ratologie  V^g^tale,'      1841,8.89. 
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doubted  whether  the  "Tariations  pf  this,  the  least  valuable  of 
all  our  oereals,  have  been  doeely  observed. 

Bud-variation,  which  was  fully.diacuBsed  in  a  former  chap- 
ter, shows  us  that  variability  may.  be  quite  independent  of 
seminal  reproduction^ and  likewise. of.  reversion  to  long-lost 
ancestral  chazaoters*'4.No  one  will  maintain  that  the  sudden 
appearance  of  a  moss-rose,  on  a  Provence-rose  is  a  return  to  a 
former  state,  for  mossiness  of.  the  calyx  has  been  observ^  in 
no  natural  species ;  the  same  argument  is.  applicable. to  varior 
gated  and  laciniatod  leaves ;  nor  can  the  appearance  of  necta- 
rines on  peach-trees  be  accounted  for  on  the  principle  of  rever- 
sion. But  bud- variations  more. immediately  concern  us,  as 
they  occur  far  more  frequently  on  plants  which  have  been 
highly  cultivated  during  a  length  of  time,  than  on  other  and 
less  highly  cultivated  plants;  and  very  few  well-marked 
instances  have  been  observed  with  plants  growing  under 
strictly  natural  conditions.  •  I  have  given  one  instance  of  an 
ash-troe  growing  in  a  gentleman's  pleasure-grounds ;.  and 
occasionally  there  may  be.  seen,  on  beech  and  other  trees, 
twigs  leafing  at  a  different- period  from  the  other  branches. 
But  our  forest  trees  in  England  can  hardly  be  considered  as 
living  under-  strictly  natural  conditions;,  the  seedlings. are 
raised  and  protected  in  nursery-grounds,  .and  must- often  be 
transplanted  into  places  where  wild  trees  of  the  kind  would 
not  naturaUy 'grow.  It  would  be  esteemed  a  prodigy  if  a  dog- 
rose  growing  in  a  hedge  produced  by  bud-variation  a  moss- 
rose,  or  a  wild  bullace  or  wild  cherry-tree  yielded  a  branch 
bearing  fruit  of  a  different  shape  and  colour  from  the  ordinary 
fruit.  The  prodigy  would  be  enhanced  if  these  varying 
branches  were  found  capable  of  propagation,  not  only  by 
grafts,  but  sometimes  by  seed;  yet  analogous  cases  have 
occurred  with  many  of  our  highly  cultivated  trees  and  herbs. 

These  several  considerations  alone  -render  it  probable  that 
variability  of  every  kind  is  directly  or  indirectly  caused  by 
changed  conditions  of  life.  Or,  to  put  the  case  under  and  her 
point  of  view,  if  it  were  possible  to  expose  all  the  individuals 
of  a  species  during  many  generations  to  absolutely  unifomi 
conditions  of  life,  there  would  be  no  variability. 
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On  ihe  Nature  of  (he  Changes  in  Ae  Oonditiam  of  Life  which 

induce  Variability, 

From  a  remote  period  to  the  present  daj,  imder  dimAtes 
and  oir^mmBtanoes  as  di£ferent  as  it  is  possible  to  oonceiye, 
organio  beings  of  all  kinds,  when  domesticatod  or  oultivatod, . 
have  varied.  We  see  this  with  the  many  domestio  raoes  of 
quadrupeds  and  birds  belonging  to  different  orders,  with  gold- 
fish and  silkworms,  with  plants*  of  many  kinds,  raised  in 
various  quarters  of  the  world.  -=  In  the  deserts  of  northern 
Africa  the  date-palm  has  yielded  thirty-eight  varieties;  in 
the  fertile  plains  of  India  it  is  notorious  how  many  varieties; 
of  rice  and  of  a  host  of  other  plants  exist ;  in  a  single  Poly- 
nesian island,  twenty-four- varieties  of  the  bread-fruit,  the 
same  number  of  the  banana,  iemd  twenty-two  varieties  of  the 
arum,  are  oultivated  by  the  natives ; '  the  mulberry-tree  in 
India  and  Europe  has  yielded  many  varieties  serving  as  food 
for  the  silkworm ;  and  in  China  sixty-three  varieties  of  the 
bamboo  are  used  for  various  domestio  purposes.^  These  facts, 
and  innumerable  others  which  oould  be  added,  indicate  that 
a  change  of  almost  any  kind  in  the  conditions  of  life  suffices 
to  cause  variability — different  changes  -  acting  on  different 
organisms.-     - •-••-'  ■■•■;  •  -^^■^',-    -';'  <      •^,:: 

-Andrew  Ejiight*  attributed  the  variation  of  both  animals 
and  plants  to  a  more  abundant  supply  of  nourishment,  or  to  a 
more  favourable  climate,  than  that  natural  to  the^^  species.  A 
moird  genial  climate,  however,  is  far  from  necessary;  the 
kidney-bean,  which  is  often  injured  by  bur  spring  frosts,  and 
peaches,  which  require  the  protection  of  a  wall,  have  varied 
much  in  England,  as  htis  the  orange-tree  in  northern*  Italy, 
where  it  is  barely  able .  to  exist'    Nor  can  we  overlook  the 


*  On  the'  date-palm, '  see  Vbgel, 
'Annals  and 'Mag.  of  Nat;  Hut.,' 
1854,  p.  460.  On  Indian  Tarieties, 
Dr.  F.  Hamiltonj  -'^Transact.  Linn. 
Soe.,'  Tol.  zir.  "p.  296.  On- the  rarie- 
tiet  enltirated  in  Tahiti,  tee  Dr. 
Bennett,  in  London's  *  Mag.  of  N. 
Hist.,'  T0I.T.,  1833,  p. -484.  Also 
Eilis,  <  Polynesian  Raearches,'  toI.  i. 
pp.  870,  875.    On  twenty  varieties 


of  the  Pandanns  and  Hheif  trees  in 
the  Marianhe  Island,  eee  VHooker's 
Miscellany,'  toI.  t  p.  808.  On  the 
bamboo  in' China,  SM  Hue's  *  Chinese 
Empire^'  toL  ii.  p.  807. 

*  <  Treatise  on  the  Culture  of  the 
Apple,' &e.,  p.  8.  "    > 

'  Gallesio,  *Teoria  della  Ripro* 
dusione  Ve^.,' p.  125.        *  ' 
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faot,  thongh  not  immediately  oonneoted  with  our  present 
snbjeot,  that  the  plants  and  shells  of  the  Arctic  regions  are 
eminently  variable.'  .  Moreover,  it  does  not  appear  that  a 
change  of  dimate,  whether  more  or  less  genial,  ia  one  of  the 
most  potent  oauaes  of  variability ;  for  in  regard  to  plants  Alph. 
De  Candolle,  in  his  '  Q^ographie  Botaniqne/  repeatedly  shows 
that  the  native  country  of  a  plant,  where  in  most  cases  it  has 
l)een  longest  cultivated,  is  that  where  it  has  yielded  the 
greatest  number  of  varieties. 

It  is  doubtful  whether  a  change  in  the  nature  of  the  food 
is  a  potent  cause  of  variability.  Scarcely  any  domesticated 
animal  has  varied  more  than  the  pigeon  or  the  fowl,  but 
their  food,  especially  that  of  highly-bred  pigeons,  is  generally 
the  same.  Nor  can  our  cattle  and  sheep  have  been  subjected 
to  any  great  change  in  this  respect.  But  in  all  these  cases 
the  food  probably  is  much  less  varied  in  kind  than  that  which 
was  consumed  by  the  species  in  its  natural  state.* 

Of  all  the  causes  which  induce  variability,  excess  of  food, 
whether  or  not  changed  in  nature,  is  probably  the  most 
powerful.  This  view  was  held  with  regard  to  plants  by 
Andrew  Knight,  and  is  now  held  by  Schleiden,  more  especially 
in  reference  to  tlie  inorganic  elements  of  the  food.^*  In 
order  to  give  a  plant  more  food  it  suffices  in  most  cases  to 
grow  it  separately,  and  thus  prevent  other  plants  robbing  its 
roots.  It  is  surprising,  as  I  have  often  seen,  how  vigorously 
our  common  wild  species  flourish  when  planted  by  them- 
selves, though  not  in  highly  manured  land ;  separate  growth 
iH,  in  fact,  the  first  step  in  cultivation.  We  see  the  converse 
of  the  belief  that  excess  of  food  induces  variability  in  the 
following  statement  by  a  great  raiser  of  seeds  of  all  hinds  :^^ 


'  8s6  Dr.  Hooker*!  Memoir  on 
Arctio  PlaaU  in  ^Linn.  Transact.,' 
vol.  zxiil.  part  ii.  Mr.  Woodward, 
and  a  higher  aathoritj  cannot  be 
qaoted,  ipeaki  of  the  Axistic  mollusca 
(in  hb'KadimenUrjr  Treatise,'  1856, 
p.  355)  as  remarkably  subject  to 
▼ariation. 

*  BechsUin,  in  his  *Katnrge- 
ichichte  der  SinbenTOgel,'  1840,  s. 
838,  has  some  good  remarks  on  this 


subject.  He  sUtes  that  his  canary- 
birds  raried  in  colour,  thongh  kept  on 
uniform  food. 

>•  'The  Plant,'  by  Schleiden,  trans- 
lated  by  Henfirey,  1848,  p.  169.  Set 
also  Alex.  Braun,  in  '  Bot  Memoirs,' 
Ray  Soc,  1853,  p.  818. 

"  Messrs.  Hardy  and  Son,  of  Mai- 
don,  in  *Gard.  Chronicle,'  1856,  p. 
458.    Carri^  *  Production  et  Fixa 
Vion  des  Vari^t^'  1865,  p.  81. 


CiiAi*.  XXII.  CAUSES  OF  YABIABII.ITT.  245 

**  It  is  a  rule  invariably  with  us,  when  we  desire  to  keep  a 
*'  tme  stock  of  any  one  kind  of  seed,  to  grow  it  on  poor  land 
*'  without  dung ;  but  when  we  grow  for  quantity,  we  act 
'*  contrary,  and  sometimes  have  dearly  to  repent  of  it." 
According  also  to  Carri^re,  who  has  had  great  experienoe  with 
flower-garden  seeds,  "  On  remarque  en  g6n6ral  les  plantes  de 
**  vigour  moyenne  sont  celles  qui  oonservent  le  mieux  lours 
"  caraotdres." 

In  the  case  of  animals  the  want  of  a  proper  amount  of 
exercise,  as  Bechstein  remarked,  has  perhaps  played,  inde- 
pendently of  the  direct  effects  of  the  disuse  of  any  parti- 
cular organ,  an  important  part  in  causing  variability.  We 
can  see  in  a  vague  manner  that,  when  the  organised  and 
nutrient  fluids  of  the  body  are  not  used  during  growth,  or  by 
the  wear  and  tear  of  the  tissues,  they  will  be  in  excess ;  and 
as  growth,  nutrition,  ahd  reproduction  are  intimately  allied 
processes,  this  superfluity  might  disturb  the  due  and  proper 
action  of  the  reproductive  organs,  and  consequently  affect  the 
character  of  the  future  offspring.  But  it  may  be  argued  that 
neither  an  excess  of  food  nor  a  superfluity  in  the  organised 
fluids  of  the  body  necessarily  induces  variability.  The  goose 
and  the  turkey  have  been  well  fed  for  many  generations,  yet 
have  varied  very  little.  Our  fruit-trees  and  culinary  plants, 
which  are  so  variable,  have  been  cultivated  from  an  ancient 
period,  and,  though  they  probably -still  receive  more  nutri- 
ment than  in  their  natural  state,  yet  they  must  have  received 
during  many  generations  nearly  the  same  amount;  and  it 
might  be  thought  that  they  would  have  become  habituated  to 
tho  exoe^.  Nevertheless,  on  the  whole.  Knight's  view,  that 
excess  of  food  is  one  of  the  most  potent  causes  of  variability, 
appears,  as  far  as  I  can  judge,  probable. 

Whether  or  not  our  various  cultivated  plants  have  receiveil 
nutriment  in  excess,  all  have  been  exposed  to  changes  of 
various  kinds.  Fruit-trees  are  grafted  on  different  stocks, 
and  grown  in  various  soils.  The  seeds  of  culinary  and  agri- 
cultural plants  are  carried  from  place  to  place ;  and  during 
the  last  century  the  rotation  of  our  crops  and  the  manures 
used  have  been  greatly  changed. 

Slight  changes  of  treatment  often  suffice  to  induce  varia* 


246  CAUSES  or  vaqubilttt.  Cuaf,  xxii 

bility.  The  simple  fact  of  .almost  all  oar  oaltivated  plants 
and  domesticated  animals  having  Taried  in  all  places  and  at 
all  times,  leads  to  this  conclusion.  •  Seeds  taken  from  common 
English  forest-trees,- grown  nnder  their,  native  climate,  not 
highly  manured  or  otherwise  artificially  treated,  yield  seed- 
lings which  vary,  miich,; as  may  be. seen  in  every  extensive 
seed-bod.  I  have  shown  in  a  former,  chapter  what  a  number 
of  well-marked  and  singular  varieties  the  thorn  {Oratasgtu 
omfeanika)  has  produced:  yet  this  tree  has  been  subjected  to 
liai*dly  any  cultivation.  In  Staffordshire  I  carefully  examined 
a*  large  number  of  two  British  plants,  namely  Oeranium  phcBum 
and  pyrenaieum^  which  have  never  .been  highly  cultivated. 
These  plants-  had  spread  spontaneously  by  seed  from  a 
common  garden  into. an  open  plantation;  and  the  seedlings 
varied  in  almost  every  single  character,  both  in  their  flower 
and  foliage, .to  a  degree  which  I  have  never  seen  exceeded; 
yet  they  could  not  have  been  exposed  to  any  great  change  in 
their  conditions. 

With  respect  to  aiiimals,  Azara  hus  remarked  with  much 
surprise,^'  that,  whilst  the  feral  horses  on  the  Pampas  are 
always  of  one  of  three  colours,  and  .the  cattle  >  always  of  a 
uniform  <K>lour,  yet. .these  animals,  when,  bred  on.  the  un- 
enclosed-estanoias,  though  kept  in. a  state  which  can  hardly 
be  called  domesticated,  and  apparently  exposed  to  almost 
identically  the  same  conditions  as  when  they  are  feral,  never- 
thelidss  display  a  groat  diversity,  of  colour.  So  again  in  India 
several  species  of  fresh-water  fish  are  only,  so  far  treated 
artificially,  that  they  are  reared  in  great  tanks;  but  this 
small  change  is  sufficient,  to  induce  much  variability.^' 

Some  facts  on  the  effects  of  grafting,  in  regard  to  the 
variability  of  trees,  deserve  attention.  Cabanis  asserts  that 
when  certain  pears  are  grafted  on  the  quince,  their  seeds  yield 
a  greater  number  of  varieties  than  do  the  seeds  of  tlie  same 
variety  of  pear  when  grafted  on  the  wild  pear.*^  But  as  the 
pear  and  quince  are  distinct  species,  though  so  closely  related 
'         •  .       .      ■  •  .  •     • , . 

'.  i*.<QttadnipklM    da'     Paraguay,'  1839,  pp.  266^268,  813. 

1801,  torn.  ii.  p.  319.  ^*  Quoted  bj  Sageret,  *  Pom.  Phys., 

*•  M'ClellaDd  on  Indian  C7prillida^  1830,  p.  43.    ThU  sUtement,  how 

*  Aiiatio  ReMaroh«t,'  toI.  zix.  part  ii.,  aver,  ia  not  baliered  bj  Decaisne. 
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that  the  one  can  be  readily  grafted  and  suooeeds  admirably  on 
the  other,  the  fact  of  variability  being  thus  caused  is  not  sur- 
prising ;  aa  we  are  here  enabled  to  see  the  oanse,  namely,  the 
very  different  nature  of  the  stook  and  graft.'  Several  North 
American  varieties  of  the  plum  and  peach  are  well  known  to 
reproduce  themselves  truly  by  seed ;  but  Downing  asserts,^^ 
"that  when  a  graft  is  taken  from  one  of  these  trees  and 
placed  upon  another  stock,  this  grafted  tree  is  found  to  lose 
its  singular  property  of  producing  the  same  variety  by 
*'  seed,  and  becomes  like  all  other  worked  trees  ;*' — that,  is,  its 
seedlings  become :  highly  variable.  Another  case  is  worth 
giving :  the  Lalande  variety  of  the  walnut-tree  leafs  between 
April  20th  and  May  15th,  and  its.  seedlings  invariably 
inherit  the  same,  habit;,  whilst  several  othei:  varieties  of 
the  walnut  leaf  in  June.  Now,  if  seedlings  are  raised  from 
the  May-leafing  Lalande  Variety,  grafted  on  another  May- 
leafing  variety,  though  both  stock  and  graft  have  the  same 
early  habit  of  leafing,  yet  the  seedlings  leaf  at  various  times, 
even  as  late  as  the  5th  of  June.^*  Such  facts  as  these  are 
well  fitted  to  show  on  what  obscure  and -slight  causes  vari- 
ability depends. 


\ >\  • 


I  may  here  just^alludo  to  the  appearance  of  new  and  yaluable 
yarieties  of  fruit-trees  and  of  "wheat  in  woods  and  waste  places, 
which  at  first  sight  seems  a  most  anomalous  circumstance.  In 
France  a  considerable  number  of  the  best  pears  have  beeii  discovered 
in  woods;  and  this  has  occurred  so  fiiequently,  that  Piteau  asserts 
that  "  improved  varieties  of  our  cultivated  fruits  rarely  originate 
with  nurserymen.^^  In  England,  on  the  other  hand,  no  instance  of 
a  gocki  pear  having  been  found  wild  has  been  recorded;  and  Mr. 
Bivers  informs  mo  that  he  knows  of  only  one  instance  with  apples, 
namely,  tiie  Bess  Poole,  which  was  discovered  in  a  wood  in  Notting- 
hamshire. This  difference  between  the  two  countries  may  be  in  part 
accounted  for  by  the  more  favourable  climate  of  France,  but  chiefly 


"  *The  Fruite  of  America,'  1845, 
p.  5. 

><  M.  CurdftD,  in  'ComptM  Ren- 
dus,'  Deo.  1848,  qTioted  in  *  Gard. 
Chronicle,'  1849,  p.  101. 

*'  M.  Alexis  Jordan  mentionfl  four 
excellent  pears  found  in  woods  in 
France,  and  alludes  to  others  ('  M^m. 
Aoad.  de  Lyon/  torn.  ii.  1852,  p.  159> 


Poiteau's  remark  is  quoted  in  '  Gar- 
dener*s  Mag.,'  vol.  iv..  1828,  p.  885. 
See  *  Gard.  Chronicle,'  1862,  p.  835. 
for  another  case  of  a*  new  variety  ol 
the  pear  found  in  a  hedge  in  France. 
Also  for  another  case^  tee  Loudon's 
*£neyclop.  of  Gardening,'  p.  90I4 
Mr.  Riven  has  giren  me  'similaf 
information. 
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from  the  great  number  of  seedlingB  which  spring  up  there  in  the 
wooda  I  infer  that  this  is  the  case  from  a  remark  made  by  a 
French  gardener,"  who  regards  it  as  a  national  calamity  that  such 
a  number  of  pear-trees  are  periodically  cut  down  for  firewood,  before 
they  have  borne  fruit  The  new  vaneties  which  thus  spring  up  in 
the  woods,  though  they  cannot  have  recdyed  any  excess  of  nutri- 
ment, will  haye  been  exposed  to  abruptly  changed  conditions,  but 
whether  this  is  the  cause  of  their  production  is  yeinr  doubtful. 
Those  varieties,  howeyor,  are  probably  all  dosoondcd'*  from  old 
cultiyated  kinos  growing  in  adjoining  orchards.— a  circumstance 
which  will  account  for  their  yariability ;  and  out  of  a  yast  number 
of  varying  trees  there  will  always  be  a  good  diance  of  the  appear- 
ance of  a  valiuble  kind.  In  North  America,  where  fruit-trees 
froqaontly  spring  up  in  waste  places,  tlio  "Woishington  pear  was 
found  in  a  hedge,  ana  the  Emperor  peach  in  a  wood.** 

With  respect  to  wheat,  some  writers  have  spoken"  as  if  it  were 
an  ordinary  event  for  new  varieties  to  be  found  in  waste  places ;  the 
Fenton  wheat  was  certainly  discovered  growing;  on  a  pile  of  basaltic 
detritus  in  a  quarry,  but  in  such  a  situation  the  plant  would 
probably  receive  a  sufficient  amount  of  nutriment  The  Ghidham 
wheat  was  raised  from  an  ear  found  on  a  hedge;  and  Hunters 
wheat  was  discovered  by  the  roadside  in  Scotland,  but  it  is  not  said 
that  this  latter  variety  grew  where  it  was  found.^ 

Whether  our  domestic  productions  would  ever  become  so 
completely  habituated  to  the  conditions  under  which  they 
now  live,  as  to  cease  Yarying,  we  have  no  sufficient  means  for 
judging.  *  But,  in  fact,  our  domestio  'productions  are  never 
exposed  for  a  gpreat  length,  of  titne  to  uniform  conditions,  and 
it  is  certain  that  our  most  anciently  cultivated  plants,  as  well 
as  ftT^iTnftla^  still  go  on  varying,  for  all  have  recently  under- 
gone markod  improvement.  In  some  few  cases,  however, 
plants  have  become  habituated  to  new  conditions,  llius, 
Metzger,  who  cultivated  in  Germany  during  many  years 
numerous  varieties  of  wheat,  brought  from  different  coun- 
tries,^ states  that  some  kinds  were  at  first  extremely  vari- 
able, but  gradually,  in  one  instance  after  an  interval  of 

aborigintl  spaciei. 

*•  I)owning,  «Kniit-tr«a  of  North 
America,'  p.  422 ;  Foley,  ia  *  TrHii4Mct. 
Hort.  Soc,'  vol.  tL  p.  412. 

'1  *Gard.  ChronicV  1847,  p.  244. 

**  •Gardener's  Chronicle,'  1841,  p. 
SS3 ;  1850,  p.  700 ;  1854,  p.  650. 

**  <  Me  Qetreidearten,'  1843,  e.  06. 
116,  117. 


I*  Duval,  *Hiat  da  Poirier,'  1849, 
p.  '2, 

»  I  infer  that  thU  U  the  fact  from 
Van  Mona*  atatemeni  (•  Arbrea  Frui- 
tiera,'  1835,  torn.  L  p.  446)  that  he 
iinde  in  the  woode  leedlinga  reeembling 
all  the  chief  caltivated  races  of  both 
ibe  pear  and  apple.  Van  Mens,  how- 
STei  lool^ed  at  tnese  wild  Tarieties  as 
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twenty-five  years,  became  constant ;  and  it  does  not  appear 
that  this  resulted  from  the  seleotion  of  the  more  constant 
forms. 

On  (he  AceumulcUtve  Action  of  changed  CondUians  of  Ltfe. — 
We  have  good  grounds  for  believing  that  the  influence  of 
ohangod  conditions  accumulates,  so  that  no  effect  is  produced 
on  a  species  until  it  has  been  exposed  during  several  genera- 
tions to  continued  cultivation  or  domestication.  Universal 
experience  shows  us  that  when  new  flowers  are  first  introduced 
into  our  gardens  they  do  not  vary ;  but  ultimately  all,  with 
the  rarest  exceptions,  vary  to  a  greater  or  less  extent.  In 
a  few  cases  the  requisite  number  of  generations,  as  well  as 
the  successive  steps  in  the  progrera  of  variation,  have  been 
recorded,  as  in  the  often  quoted  instance  of  the  Dahlia.'^ 
After  several  years'  culture  the  Zinnia  has  only  lately  (1860) 
begun  to  vary  in  any  great  degree.  **  In  the  first  seven  or 
"  eight  years  of  high  cultivation,  the  Swan  Biver  daisy 
**  (Breushycome  {beridifolia)  kept  to  its  original  colour ;  it  then 
"  varied  into  lilao  and  purple  and  other  minor  shades."  ^ 
Analogous  facts  have  boon  recorded  with  the  Scotch  rose.  In 
discussing  the  variability  of  plants  several  experienced  hor- 
ticulturists have  spoken  to  the  same  general  effect.  .Mr. 
Salter^*  remarks,  "  Every  one  knows  that  the  chief  difficulty 
is  in  breaking  through  the  original  form  and  colour  of  the 
species,  and  every  one  will  be  on  the  look-out  for  any 
natural  sport,  either  from  seed  or  branch ;  that  being  once 
obtained,  however  trifling  the  change  may  be,  the  result 
"  depends  upon  himself."  M.  de  Jonghe,  who  has  had  so  much 
success  in  raising  now  varieties  of  pears  and  strawberries,^^ 
remarks  with  respect  to  the  former,  **'  There  is  another  prin- 
ciple, namely,  that  the  more  a  type  has  entered  into  a  state 
of  variation,  the  greater  is  its  tendency  to  continue  doing 
so ;  and  the  more  it  has  varied  from  the  original  type,  the 
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**  Sabioe,  in 'Hori.  Transact.,*  Tol.  *•  <The  OhrTsanthemum,  iU  Hi»- 

Ui.   p.   225 ;  Bronn,  '  Geschichte  der  tory,  &c^*  1865.  p.  3. 

Natur,'b.  iLa.  119.  '^'Gardeners    Chron./   1855,    p. 

»  •JoarnalofHortiealtnre,'  1861,  54;  <  Journal  of  Horticulture,'  Ma/ 

p.     112;    on     Zinnia,    'Gardtner'a  9,  1865,  p.  363. 
Chronicle,*  1860,  p.  852. 
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"  more  it  is  diapoeed  to  vary  still  farther."  We  have,  indeed, 
already  disoassed  this  latter  point  when  treating  of  the  power 
which  man  poesesses,  through  selection,  of  oontinnally  ang* 
menting  in  the  same  direction  each  modification;  for  this 
power  depends  on  continTied  yariabilitj  of  the  same  general 
kind.  The  most  celebrated  horticulturist  in  France,  namely, 
VilmOrin,'*  even  nlaintains  that,  when  any  particular  varia^ 
tion  is  desired,  the  fimt  step  is  to  get  the  plant  to  Tary  in 
any  inanner  whatever,  and  to  go  on  selecting  the  most 
variable  individuals,  evdn  though  they  rsry  in  the  wrong 
direction ;  for  the  fixed  character  of  the  specibs  beirig  once 
broken,  the  desired  yariation  will  sooner  or  later  appear. 
'  As  nearly  all  our  animals  were  domesticated  at  an  extremely 
remote  epoch,  we  canbot,  of  course,  say  whether  they  varied 
Quickly  or  slowly  when  first  subjected  to  new  conditions; 
But  Dr.  Bachman^  states  that  he  has  seen  turkeys  raised 
from  the  eggs  of  the  wild  species  lose  their  metallic  tints  and 
become  spotted  with  white  in  the  third  generation.  Mr. 
Yarrell  many  years  ago  informed  me  that  the  wild  ducks 
bred  on  the  p<mds  in  St.  James*s  Park,  which  had  never  been 
crossed,  as  it  is  believed;  with  domestic  ducks,  lost  their  true 
plumage  after  a  few 'generations.  An  excellent  observer,^® 
who  has  often  reared  ducks  from'  the  eggs  of  the  wild  bird, 
and  who  took  precautioiis  that  there  should  be  no  crossing 
with  domestic  breeds,  has  given,  as  previously  stated,  full 
details  on  the  changes  which  they  gradually  undergo.  He 
found  that  he  could  not  breed  these  wild  ducks  true  for  more 
than  five  or  siif  generations,  ''as  they  then  proved  so  much 
"  less  beautifuL  The  white  collar  round  the  neck  of  the 
*'  mallard  became'  much  broader  and  more  irregular,  and 
"  white  feathers  appeared  in  the  ducklings'  wings."  They 
increased  also  in  size  of  body;  their  legs  became  less  fine, 
and  they  lost  their  elegant  carriage.  Fresh  eggs  were  then 
procured  from  vdld  birds ;  but  again  the  same  result  followed^ 
In  these  cases  of  the  duck  and  turkey  we  see  that  animals, 

*•  Quoted  bj  Verlot,  <  Des  Vnri^t&s'  ton,  1855,  p.  14. 

iic,  1865,  p.  28.  **  Mr.  Hewitt,  <  Joornal  of  Hort^ 

<•  *  Examination  of  the  CharacUri*-  1863,  p.  89. 
tics  of  Genera  and  Specie« :'  Charles- 
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like  plants,  do  not  depart  from  their  primitive  type  nntO 
they  have  been:  subjects  during  seTeral'  generations  to 
domieBtioation.  ■  On  the  other  hand,  Mr.  YarreU  infornied '  xncj 
that  the  Australian  dingos,  bred  in  the  Zoological  Gardens, 
almost  invariably  prodnoed  in  the  first  generation' puppies 
marked  with  white  and  other  colours ;  l)uk  these  introduced 
dingos  had  probably  been  procured  from  the  natives,  who 
keep  them  in  a  semi-domesticated  state*  It  is  certainly  a 
remarkable  fact  that  changed  conditions  should  at  first  pro* 
duce,  as  far  as  we  can  see,  absolutely  no  efiect;  but  that 
they  should  subsequently  cause  the  character  of  the  species 
to  change.  In  the  chapter  on  pangenesis  I  shall  attempt  to 
throw  a  little  light  on  this  fact. 

Returning  now  to  the  causes  which  are  supposed  to  induce 
variability.  Some  authors'^  believe  that  close  interbreeding 
gives  this  tendency,  and  leads  to  the  production  of  monstro- 
sities. In  the  seventeenth  chapter  some  few  facts  were 
advanced,  showing  that  monstrosities  are,  as  it  appears, 
occasionally  thus  induced ;  and  there  can  be  no  doubt  that 
close  interbreeding  causes  lessened-  fertility  and  a  weakened 
constitution;  hence  it  may  lead  to  variability:  but  I  have 
not  sufficient  evidence  on  this  head.  On  the  other  hand, 
close  interbreeding,  if  not  carried  to  an  injurious  extreme, 
far  from  causing  variability,  tends  to  fix  the  character  of  each 
breed. 

It  was  formerly  a  common  belief,  still  held  by  some  persons, 
that  the  imagination  of  the  mother  afiects'  the  child  in  the 
womb.'^  This  view  is  evidently  not  applicable  to  the  lower 
animals,  which  lay  unimpregnatcd  eggs,  or  to  plants.  Dr: 
William  Hunter,  in  the  last  century,  lold  my  father  that 
during  many  years  every  woman  in  a  large  London  Lying-in 
Hospital  was  asked  before  her  confinement  whether  anything 
had  specially  aflfected  her  mind,  and  the  answer  was  written 
down ;  and  it  so  happened  that  in  no  one  inhtanoe  could  a 
coincidence  be  detected  between  the  woman's  answer  and  any 

'*  DevajTy '  Mariages  CoDMDffoins,'  "  Miiller  has  conclofivelj  argued 

pp.  07,  125.    In  ooBTersation  1  have  agaioafc    this    belief,    '  ElemeDU    ol 

found  two  or  three  nataralisti  of  the  Phyv.,'  Eog.  tramtlat.,  toL  ii.  lS4-2» 

tame  opinion.  |i*  1405b 
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abnormal  struoture ;  but  when  she  knew  the  nature  of  the 
Btractare^  she  frequently  snggested  some  fresh  cause.  The 
belief  in  the  power  of  the  mother*s  imagination  may  perhaps 
have  arisen  from  the  children  of  a  second  marriage  resembling 
the  previous  father,  as  certainly  sometimes  occurs,  in  accord- 
ance with  the  facts  given  in  the  eleventh  chapter. 

OroBaing  m  a  Cause  of  Variabiltty, — In  an  early  part  of  this 
chapter  it  was  stated  that  Pallas''  and  a  few  other  naturalists 
maintain  that  variability  is  wholly  due  to  crossing.  If  this 
means  that  new  characters  never  spontaneously  appear  in  onr 
domestic  races,  but  that  they  are  all  directly  derived  from 
certain  aboriginal  species,  the  doctrine  is  little  less  than 
absurd ;  for  it  implies  that  animals  like  Italian  greyhounds, 
pug-dogs,  buU-dogs,  pouter  and  fantail  pigeons,  &c.,  were  able 
to  exist  in  a  state  of  nature.  But  the  doctrine  may  mean 
something  widely  different,  namely,  that  the  crossing  of 
distinct  species  is  the  sole  cause  of  the  first  appearance  of  new 
characters,  and  that  without  this  aid  man  could  not  have 
foimed  his  various  breeds.  As,  however,  new  characters  have 
appeared  in  certain  cases  by  bud-variation,  we  may  conclude 
with  certainty  that  crossing  is  not  necessary  for  variability.. 
It  is,  moi-eover,  certain  that  the  breeds  of  various  animals, 
such  as  of  the  rabbit,  pigeon,  duck,  &o.^  and  the  varieties  of 
several  plants,  are  the  modified  descendants  of  a  single  wild 
species.  Nevertheless,  it  is  probable  that  the  crossing  of 
two  forms,  when  one  or  both  have  long  boon  domesticated 
or  cultivated,  adds  to  the  variability  of  the  offspring,  inde- 
pendently of  the  commingling  of  the  characters  derived  from 
the  two  parent-forms ;  and  this  implies  that  new  characters 
actually  arise.  But  we  must  not  forget  the  facts  advanced 
in  the  thirteenth  chapter,  which  clearly  prove  that  the  act 
of  crossing  often  leads  to  the  reappearance  or  reversion  of 
long-lost  characters ;  and  in  most  cases  it  would  be  impossible 
to  distinguish  between  the  reappearance  of  ancient  characters 
and  the  first  appearance  of  absolutely  new  characters.  Practi- 
cally, whether  new  or  old,  they  would  be  now  to  the  breed  in 
which  they  reappeared. 

*■  *  Act.  Acad.  St.  Petonburg,'  1780,  part  ii.  p.  84,  &n. 
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Gartner  declares,**  and  his  experience  is  of  the  highest  Talne  on 
such  a  point,  that,  when  he  crossed  native  plants  which  had  not 
been  cnltirated,  he  nerer  once  saw  in  the  oflspriDg  any  new  character ; 
bat  that  from  the  odd  manner  in  which  the  characters  deriyed  from 
the  parents  were  combined,  they  sometimes  appeared  as  if  new. 
When,  on  the  other  hand,  he  crossed  cnltiTatea  plants,  he  admits 
that  new  characters  occasionally  appeared,  bnt  he  is  strongly 
inclined  to  attribute  their  appearance  to  ordinary  Tariability,  not 
in  any  way  to  the  cross.  An  opposite  conclusion,  howeyer,  appears 
to  me  the  more  probable.  According  to  Kohreuter,  hybrids  m  the 
genus  Mirabilis  vary  almost  infinitely,  and  he  describes  new  and 
singular  characters  in  the  form  of  the  seeds,  in  the  colour  of  the 
anthers^  in  the  cotyledons  being  of  immense  size,  in  new  and  highly 
peculiar  odours,  in  the  flowers  expanding  early  in  the  season,  and 
in  their  closing  at  night.  With  respect  to  one  lot  of  these  hybrids, 
he  remarks  that  they  presented  characters  exactly  the  rererse  of 
what  might  have  been  expected  from  their  parentage.^ 

Prof.  Loooq"  speaks  strongly  to  the  same  effect  in  regard  to  this 
same  genus,  and  asserts  that  many  of  the  hybrids  from  MirubUU 
jaJiapa  and  muliiflonk  might  easily  be  mistaken  for  distinct  species, 
and  adds  that  they  differed  in  a  greater  degree  than  the  other 
species  of  the  senus,  from  M,  jdlapa,  Herbert,  also,  has  describea" 
certain  hybrid  Bhododendrons  as  being  "as  ufdihe  aU  others  in 
"  foliage,  as  if  they  had  been  a  separate  spedes."  The  common 
experience  of  floriculturists  proves  that  the  crossing  and  recroesing 
of  distinct  but  allied  plants,  such  as  the  species  of  Petunia,  CalceO'- 
laria.  Fuchsia,  Verbena,  &c.,  induces  excessive  variability;  hence 
the  appearance  of  quite  new  characters  is  probable.  M.  Carridre" 
has  lately  discussed  this  subject:  he  states  that  Eryihrina  cristagaUi 
hod  been  multiplied  bv  seed  for  many  years,  but  had  not  yielded 
any  varieties :  it  was  'then  crossed  with  the  allied  E.  herbacea,  and 
"  the  resistance  was  now  overcome,  and  varieties  were  produced 
"  with  flowers  of  extremely  different  size,  form,  and  colour." 

From  the  general  and  apparently  well-founded  belief  that  the 
crossing  of  distinct  species,  besides  commingling  their  characters, 
adds  greatly  to  their  variability,  it  has  probably  arisen  that  some 
botanists  have  gone  so  far  as  to  maintain*  that,  when  a  genus 
includes  only  a  single  species,  this  when  cultivated  never  varies. 
The  proposition  made  so  broadly  cannot  be  admitted;  but  it  is 
probably  true  that  the  variability  of  monotypic  genera  when  culti- 


**  <  BMtarderieugang/  i.  249,  2$5,  **  Al»ir«cted  in  *  Qard.  Chroiicle, 
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vated  is  generally  leas  tban  that  of  genera  inclnding  numerous 
Bpeoies,  and  this  quite  independently  of  the  effects  of  crossing. 
I  ha76  shown  in  my '  Origin  of  Species/  that  the  species  belonging 
to  small  genera  generally  yield  a  less  number  of  yarieUes  in  a  state 
of  nature  than  those  belonging  to  Urge  genera.  Hence  the  species 
of  small  genera  would,  it  is  probable,  produce  fewer  Tsrieties  under 
cultiyation  than  the  already  yariable  species  of  larger  genera. 

Although  we  hare  not  at  present  sufficient  evidence  that  the 
crossing  of  species,  which  haye  neyer  been  cultiyated,  leads  to  the 
appearance  of  new  characters,  this  apparently  does  occur  with 
species  which  haye  been  already  rendered  in  some  degree  yariable 
through  eultiyation.  Hence  crossing,  like  any  other  change  in  the 
conditions  of  life,  seems  to  be  an  element,  probably  a  potent  one,  in 
causing  Yariability.  But  we  seldom  haye  the  means  of  disUngukh- 
ing,  as  proyiously  remarked,  between  the  appearance  of  really  new 
ohuacters  and  the  reappearance  of  long-lost  charactexs,  eyoked 
through  the  act  of  crossing.  I  will  giye  an  instance  of  the  difficulty 
in  distinguishing  such  cases.  The  species  of  Datura  may  be  diyidea 
into  two  sections,  those  haying  white  flowers  with  green  stems, 
and  those  haying  purple  flowers  with  brown  stems :  now  Naudin^® 
crossed  Datura  Icevii  and  ferox,  both  of  which  belong  to  the  white 
section,  and  raised  from  tliom  205  hybrids.  Of  those  hybridM,  eyory 
one  hod  brown  stems  nnd  bore  purple  flowers;  so  tiiat  they  re- 
sembled the  species  of  the  other  section  of  the  genus,  and  not  their 
own  two  parents.  Naudin  was  so  much  astonished  at  this  fact, 
that  he  was  led  carefully  to  obsenre  both  iiaient-species,  and  be 
discoyered  that  the  puro  seedlings  of  J),  ffrox,  immediately  after 
germination,  had  darlc  purple  stems,  extenoing  from  the  young  roots 
up  to  the  cotyledons,  and  that  this  tint  romained  oyer  afterwards 
as  a  ring  round  the  base  of  the  stem  of  the  plant  when  old.  Now  I 
haye  shown  in  the  thirteenth  chapter  that  the  retention  or  exaggera- 
tion of  an  early  character  is  so  intunately  related  to  royersion,  that  it 
eyidently  comes  under  the  same  principle.  Hence  probably  we 
ought  to.  look  at  the  purple  flowers  and  brown  stems  of  these 
hybrids,  not  as  new  characters  due  to  yariability,  but  as  a  return 
to  the  former  state  of  some  ancient  progenitor. 

Independently  of  the  appearance  of  new  characters  from  crossing, 
a  few  words  maybe  addod  to  what  has  been  said  in  former  chapters 
on  the  unequal  combination  and  transmission  of  the  characters 
proper  to  the  two  paront-form&  When  two  species  or  races  aro 
cromed,  the  offspring  of  the  first  veneration  aro  generally  uniform, 
but  those  subsequently  produced  display  an  almost  infinite  diyersity 
of  character.  Ilo  who  wishes,  says  Kolrouter/^  to  obtain  an  endless 
number  of  yarloties  from  hybrids  should  cross  and  recross  thom. 
Thero  is  also  much  yariability  when  hybrids  or  mongrels  are 
redn<^  or  absorbed  by  ropeated  crosses  with  either  puro  parent- 
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form ;  and  a  still  higher  degree  of  Tariability  when  'three  distinct 
species,  and  most  of  all  when  fonr  species,  are  blended  together  by 
successiye  crosses.  Beyond  this  point  G&rtner/'on  whose  authority 
the  foregoinff  statements  are  made,  never  succeeded  in  effecting  a 
union ;  but  Mbx  "Wichura^*  united  six  distinct  species  of  willows 
into  a  single  hybrid.  The  sex  of  the  parent  species  affects  in  an 
inexplicable  manner  the  degree  of  yariability  of  hvbrids;  for 
Gartner^  repeatedly  found  that  when  a  hybrid  was  used  as  a  father 
and  either  one  of  tiie  pure  jMirent-epecies,  or  a  third  species,  was 
U8^  as  the  mother,  the  ofibpring  were*  more  Tariable  than  when  the 
same  hybrid  was  uised  as  the  mother,  and  either  pure  parent  or  the 
same  third  species  as  the  &ther:  thus  seedlings  from  Dianthtu 
barbatuB  crossed  by  the  hybrid  D,  chinewii^riatus  were  more 
yariable  than  those  raised  from  this  latter  hybrid  fertilised  by  the 
pure  D.  harbatus.  Max  Wichura^  insists  strongly  on  an  analogous 
result  with  his  hybrid  willows.  Again  GArtner'*  asserts  that  the 
degree  of  variability  somotimee  differs  in  hjrbrids  raised  from  re- 
ciprocal crosses  between  the  same  two  species ;  and  here  the  sole 
difference  is,  that  the  one  species  is  first  used  as  the  father  and  then 
as  the  mother.  On  the  whole  we  see  that»  independently  of  the 
appearance  of  new  characters,  the  yariability  of  succossiye  crossed 
generations  is  extremely  complex,  partly  from  the  ofibpring  partaking 
unequally  of  the  characters  of  the  two  parent-forms,  and  more 
especially  from  their  unequal  tendency  to  reyert  to  such  characters 
or  to  those  of  more  ancient  progenitors. 

On  the  Manner  and  on  the  Period  of  Action  of  the  Causes  which 
induce  VaridbiUty.—ThiB  is  an  extremely  obscure  subject,  and 
we  neod  bore  only  consider,  whether  inherited  variations  are 
due  to  certain  parts  being  acted  on  after  they  have  been 
formed,  or  through  the  reproductive  system  being  affected 
before  their  formation  ;  and  in  the  former  case  at  what  period 
of  growth  or  development  the  effect  is  produced.  We  shuU 
Roe  in  the  two  following  chapters  that  various  agencies,  such 
as  an  abundant  supply  of  food,  exposure  to  a  different  climate, 
increased  use  or  disuse  of  parta,  <&c.,  prolonged  during  several 
generations,  certainly  modify  either  the  whole  organisation  or 
certain  organs ;  and  it  is  clear  at  least  in  the  case  of  bud- 
vuriation  titiat  the  action  cannot  have  been  through  the  repro- 
ductive system. 

**  <  BftstanlerzeuguDg,'  b.  507,  51G,  **  *  BasUrderzeagung,'  ■.  452,  507 
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With  lespect  to  the  part  which  the  reprodactiye  ^stem  takes  io 
oansing  yariability,  we  haye  seen  in  the  eighteenlii  chapter  that 
even  slight  changes  in  the  conditions  of  life  have  a  remarkable 
power  in  cansing  a  greater  or  less  degree  of  sterility.  Hence  it 
seems  not  improbable  that  beings  generated  through  a  system  so 
easily  affected  should  themselves  be  affected,  or  i^ould  fail  to 
inherit,  or  inherit  in  excess,  characters  proper  to  their  parentfi. 
Wo  know  that  certain  groups  of  organic  beings,  but  with  exceptions 
in  each  group,  have  their  reproductive  systems  much  more  easily 
affected  by  chauged  conditions  than  other  groups;  for  instance, 
carnivorous  birds  more  readily  than  carnivorous  mammals,  and 
parrots  more  readily  than  pigeons;  and  this  fact  harmonises  with 
tho  apparently  capricious  manner  and  dogroo  in  which  various 
groups  of  animals  and  plants  vary  under  domestication. 

Kolreuter^^  was  strudc  with  the  parallelism  between  the  excessive 
variability  of  hybrids  when  croesea  and  recroased  in  various  ways, — 
these  hybrids  having  their  reproductive  powers  more  or  less  affected, 
•—and  the  variability  of  anciently  cultivated  plants.  Max  Wichura^* 
lias  gone  one  step  farther,  and  shows  that  with  many  of  our  highly 
cultivated  plants,  such  as  the  hyacinth,  tulip,  auricula,  snapdragon, 
potato,  caboage,  &c.,  which  there  is  no  reason  to  believe  have  been 
hybridised,  the  anthers  contain  many  irregular  pollen-f^ins  in  the 
same  state  as  in  hybrids.  Ho  finds  also  in  certain  wild  forms,  the 
same  coincidence  botweou  the  state  of  tho  pollen  and  a  high  degree 
of  variability,  as  in  many  species  of  Bubus;  but  in  E.  ccesitu  and 
idcnis,  which  are  not  highly  variable  species,  the  pollen  is  sound. 
It  is  also  notorious  tliat  many  cultivated  plants,  such  as  the  banana, 
pine-apple,  bn»ad-fruit,  and  others  previously  mentioned,  have  their 
reproductive  organs  so  seriously  affected  as  to  be  generally  quite 
sterile;  and  when  they  do  yield  seed,  the  seedlings,  judging  from 
the  large  number  of  cultivated  races  which  exist,  must  be  variable 
in  an  extreme  degree.  These  facts  indicate  that  there  is  some 
relation  between  the  state  of  the  reproductive  organs  and  a  tendency 
to  variability ;  but  wo  must  not  conclude  that  the  relation  is  strict 
Although  many  of  our  highly  cultivated  plants  may  have  their 
pollen  in  a  deteriorated  condition,  yet,  as  we  have  previously  seen, 
they  yield  more  seeds,  and  our  anciently  domesticated  animals  are 
more  prolific,  than  the  corresponding  species  in  a  state  of  nature. 
The  peacock  is  almost  the  only  bird  which  is  believed  to  be  lefts 
fertile  under  domestication  than  in  its  native  state,  and  it  has  varied 
in  a  remarkably  small  degree.  From  these  considerations  it  wonlii 
seem  that  changes  in  the  conditions  of  life  lead  either  to  sterility 
or  to  variability,  or  to  both ;  and  not  that  sterility  induces  variability. 
On  the  whole  it  is  probable  that  any  cause  affecting  the  organs  of 
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reproduction  wonld  likewise  affect  their  product^^that  is,  tlie 
oflBpring  thus  generated. 

The  period  of  life  at  which  the  causes  that  induce  Tariability  act, 
is  likewise  an  obscure  subject,  which  has  been  discussed  by  Tarious 
authors.^*  In  some  of  the  cases,  to  be  given  in  the  following  chapter, 
of  modifications  from  the  direct  action  of  changed  conditions,  which 
are  inherited,  there  can  be  no  doubt  that  the  causes  have  acted  on 
the  mature  or  nearly  mature  animal.  On  the  other  hand,  monstrosi- 
ties, which  cannot  be  distinctly  separated  from  lesser  Tariations,  are 
often  caused  by  the  embryo  being  injured  whilst  in  the  mother's 
womb  or  in  the  egg.  Thu^  I.  Geo&oy  Saint-Hilaire'^  asserts  that 
poor  women  who  work  hard  during  their  pregnancy,  and  the  mothers 
of  illegitimate  children  troubled  in  their  minds  and  forced  to  conceal 
their  state,  are  far  more  liable  togiye  birth  to  monsters,  than  women 
in  easy  circumstances.  The  eggs  of  the  fowl  when  placed  upright 
or  otherwise  treated  unnaturiuly  frequently  produpe  monstrous 
chickens.  It  would,  howerer,  appear  that  complex  monstrosities 
are  induced  more  frequently  during  a  rather  late  tnan  during  a  very 
early  period  of  embryonic  life ;  but  this  may  partly  result  from  somo 
one  part,  which  has  been  injured  during  an  early  period,  affectinp: 
by  its  abnormal  growth  other  parts  subsequently  developed ;  and 
this  would  be  less  likely  to  occur  with  parts  injured  at  a  later  period." 
When  any  part  or  organ  becomes  monstrous  through  abortion,  a 
rudiment  is  generally  left,  and  this  likewise  indicates  that  its 
development  had  already  commenced. 

Insects  sometimes  have  their  antennsB  or  legs  in  a  monstrous 
condition,  the  larvae  of  which  do  not  possess  either  antennsB  or  legs ; 
and  in  these  cases,  as  Quatre&ges"  oelieves,  we  are  enabled  to  see 
the  precise  period  at  which  the  normal  progress  of  development 
was  troublcKL  But  the  nature  of  the  food  given  to  a  caterpillar 
sometimes  affects  the  colours  of  the  moth,  without  the  catopillar 
itself  being  affected ;  therefore  it  seems  poieible  that  other  chanustera 
in  the  mature  insect  might  be  indirectly  modified  through  the  larves. 
There  is  no  reason  to  supix)8e  that  organs  which  have  bsen  rendered 
monstrous  have  alwavs  been  acted  on  during  their  development ;  the 
cause  may  have  acted  on  the  organisation  at  a  much  earlier  stage. 
It  is  even  probable  that  oitlior  the  male  or  fomalo  sexual  olerocnts, 
or  both,  before  their  union,  may  be  affected  in  such  a  manner  as  to 
lead  to  modifications  in  organs  developed  at  a  late  period  of  life;  in 
nearly  the  same  manner  as  a  child  may  inherit  from  his  father  a 
disease  which  does  not  appear  until  old  age. 


**  Dz.  P  LoLcsft  hfw  gi^en  a  history-  sereral  memoirs  by  M.  Dareste  here- 
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In  aooordanoe  with  the  facts  aboTe  giren,  which  prove  that  in 
many  caaes  a  dose  relation  exists  between  yariabiliiy  and  the  sterility 
following  from  changed  conditions,  we  may  conclude  tliat  the  ex- 
citing cause  often  acts  at  the  earliest  possible  period,  namely,  on  the 
sexual  elements,  before 'impregnation  has  taken  place.  That  an 
afifection'of  the  female  sexnal  element  may  induce  Tariabiiity  we  may 
likewise  infer  as  probable  from  the  occurrence  of  bud-yariations ; 
for  a  bud  seems  to  be  the  analogue  of  an  ovule.  But  the  male  element 
is  apparently  much  oftener  afifected  by  changed  conditions,  at  least 
in  a  visible  manner,  than  the  female  element  or  ovule;  and  we  know 
from  G&rtner's  and  Wichura's  statements  that  a  hybrid  nsed  as 
the  father  and  crossed  with  a  pure  species  gives  a  greater  degree  of 
variability  to  the  ofSipring,  tlian  does  the  same  hybrid  when  used  aa 
the  mother.  Lastly,  it  is  certain  that  variability  may  be  transmitted 
through  either  sexual  element,  whether  or  not  origmally  excited  in 
them,  for  Eolreuter  and  G&rtner  "  found  that  when  two  species  were 
crossed,  if  either  one  was  variable,  the  ofiispring  were  rendered 
variable. 

Summary, — From  tbo  facts  given  in  tins  ohaptor,  wo  may 
conclude  that  the  variability  of  organic  beings  under  domes- 
tication, although  so  general,  is  not  an  inevitable  contingent 
on  life,  but  resulfjB  from  the  conditions  to  which  the  parents 
have  been  exposed.  Changes  of  any  kind  in  the  conditions 
of  life,  even  extremely  slight  changes,  often  suffice  to  cause 
variability.  Excess  of  nutriment  is  perhaps  the  most  efficient 
single  exciting  cause.  Animals  and  plants  continue  to  be 
variable  for  an  immense  period  after  their  first  domestication  ; 
but  the  conditions  to  which  they  are  exposed  never  long 
remain  quite  constant.  In  the  course  of  time  they  can  be 
habituated  to  certain  changes,  so  as  to  booomo  less  variable ; 
and  it  is  possible  that  when  first  domesticated  they  may  have 
been  even  more  variable  than  at  present.  There  is  good 
evidence  that  the  power  of  changed  oonditions  accumulates  ; 
so  that  two,  three,  or  more  generations  must  be  exposed  to 
new  conditions  before  any  effect  is  visible.  The  crossing  of 
distinct  forms,  which  have  already  become  variable,  increases 
in  the  offspring  the  tendency  to  further  variability,  by  the 
unequal  commingling  of  the  characters  of  the  two  parents,  by 
the  reappearance  of  long-lost  characters,  and  by  the  appear- 
ance of  absolutely  new  characters.  Some  variations  are  in- 
duced by  the  diruot  action  of  the  surrounding  conditions  ov 

**  *Dritt«  FortMtzuDg,'  &c.,  s.  123;  <  Biisiarderzeugung/  s.  249. 
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the  whole  orgaxusation,  or  on  oertain  parts  alone;  other 
variationa  appear  to  be  indnoed  indirectly  through  the  re- 
prodnotiye  system  being  affected,  as  we  know  is  often  the 
case  with  varions  beings,  which  when  removed  from  their 
natural  conditions  become  sterile.  The  causes  which  induce 
variability  act  on  the  mature  organism,  on  the  embryo,  and, 
probably,  on  the  sexual  elements  before  impir^;nation  has 
been  effected. 
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CHAPTER  XXnL 

DIBICrr  AND  DXriNITB  AOTIOir    OV  THE    BXTIRNAL   CONDITIONS  OP 

LIFE. 

■LIGHT  XODmOATIOlfa  IN  PLANTB  FHOIf  THII  DimflTI  AOTION  OP  ORAKQieD 
CONDITIONS,  IN  BISCH,  COLOVH,  OlINMIOAL  F1l01*KlCTllflB,  AND  IN  TUB  8TATH 
OV  TUB  TI8B0B»— LOCAL  DUBABIES— C0N81*ia00Ul  MODIFIOATIONa  PBOM 
OHANOBD  OLIKATB  OB  lOOD,  BTO. — ^PLUMAGB  Or  BIBDS  AFTBOTBD  BY 
FBOOUAB  NOTBIXBNT,  AND  BT  THB  INOCULATION  OP  FOUON— LAHD- 
■BBLLB— MODIFIGATIONS  OP  OBQAHIO  BBIN08  IN  A  8TATB  OP  NATUBB 
THBOUOH  THB  DBPINITB  AOnON  OP  BZTBBBAL  CONDITIOMB— OOHPABISON 
OP  AXBBIOAN  AND  BUBOPBAN  TBBBB  —  OALLa— BPPBOn  OP  PABAaETIO 
FUNQI — O0N8IDB1IATIONB  OPFOfiBD  TO  TUB  BBUBP  IB  TUB  rOTBNT 
INPLUBNOB  OP  OHANOBD  BXTBBNAL  CONDITIONB—PABALLBL  8BBIB8  OP 
VABIBTZB8— AMOUNT  OP  TABIATION  DOBS  NOT  COBBBBFOND  WITH  THB 
DBQBBB  OP  OHANOB  IN  THB  CONDITIONS^UUD-TAllIATION—UONSTBOBI- 
T1B8  PBODUCBD  DT  UNNATUBAL  TBBATMBNT-~«U1IXABT. 

• 

Ik  we  ask  ourselves  why  this  or  that  character  has  been  modi- 
fied under  domestication,  we  are,  in  most  cases,  lost  in  utter 
darkness.  Many  naturaUsts,  especially  of  the  French  school, 
attribute  every  modification  to  the  *'mondeambiant,"  that  is, 
to  changed  dimato,  with  all  its  diversities  of  heat  and  cold, 
dampness  and  dryness,  light  and  electricity,  to  the  nature  of 
the  soil,  and  to  varied  kinds  and  amount  of  food.  By  the 
term  definite  action,  as  used  in  this  chapter,  I  mean  an  action 
of  such  a  nature  that,  when  xnBny  individuals  of  the  same 
variety  are  exposed  during  several  generations  to  any  par- 
ticular change  in  their  conditions  of  life,  all,  or  nearly  all  the 
individuals,  are  modified  in  the  same  manner.  The  efibcts  of 
habit,  or  of  the  increased  use  and  disuse  of  various  organs, 
might  have  been  included  under  this  head ;  but  it  will  be  con- 
venient to  discuss  this  subject  in  a  separate  chapter.  By  the 
term  indefinite  action  I  mean  an  action  which  causes  one  in- 
dividual to  vary  in  one  way  and  another  individual  in  another 
way,  as  we  often  see  with  plants  and  animals  after  they  have 
becoi  subjected  for  some  generations  to  changed  conditions  of 
life.    But  we  know  far  too  little  of  the  causes  and  laws  of 
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variation  to  make  a  sound  olasaification.  The  action  of 
changed  conditions,  -whether  leading  to  definite  or  indefinite 
resiQts,  is  a  totally  distinct  consideration  from  the  effects  of 
selection ;  for  selection  depends  on  the  preservation  by  man 
uf  certain  individuals,  or  on  their  survival  under  various  and 
complex  natural  circumstances,  and  has  no  relation  whatever 
to  the  primary  cause  of  each  particular  variation. 

I  will  first  give  in  detail  all  the  facts  which  I  have  been 
able  to  collect,  rendering  it  probable  that  climate,  food,  &c., 
have  acted  so  definitely  and  powerfully  on  the  organisation  of  . 
our  domesticated  productions,  that  new  sub-varieties  or  races 
have  been  thus  formed  without  the  aid  of  selection  by  man  or 
nature.  I  will  then  give  the  facts  and  considerations  opposed 
to  this  conclusion,  and  finally  we  will  weigh,  as  fairly  as  we 
can,  the  evidence  on  both  sidea 

When  we  reflect  that  distinct  races  of  almost  all  our  domes- 
ticated animals  exist  in  each  kingdom  of  £uTope,  and  formerly 
even  in  each  district  of  England,  we  are  at  first  strongly 
inclined  to  attribute  their  origin  to  the  definite  action  of  the 
physical  conditions  of  each  country ;  and  this  has  been  the 
conclusion  of  many  authors.  But  we  should  bear  in  mind 
that  man  annually  has  to  choose  which  animals  shall  be  pre^ 
served  for  breeding,  and  which  shall  bo  slaughtered.  We 
have  also  seen  that  both  methodical  and  uncouhcious  selection 
were  formerly  practised,  and  are  now  occasionally  practised 
by  the  most  barbarous  races,  to  a  much  greater  extent  than 
might  have  been  anticipated.  Hence  it  is  difficult  to  judge 
how  far  differences  in  the  conditions  between,  for  instance, 
the  several  districts  in  England,  have  sufficed  to  modify  the 
breeds  which  have  been  roared  in  each.  It  may  be  argued 
that,  as  numerous  wild  animals  and  plants  have  ranged 
during  many  ages  throughout  Great  Britain,  and  still  retain 
the  same  character,  the  difference  in  conditions  between  the 
several  districts  could  not  have  modified  in  a  marked  manner 
tlio  various  native  races  of  cattle,  sheep,  pigs,  and  horses. 
The  same  difficulty  of  distinguishing  between  the  effects  of 
natural  selection  and  the  definite  action  of  external  conditions 
is  encountered  in  a  still  higher  degree  when  we  compare  dosely 
ullied  species  inhabiting  two  countries,  such  as  North  America 
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and  Europe,  which  do  not  differ  greatly  in  climate,  nature  oi 
soil,  4&C.,  for  in  this  case  natural  selection  will  inevitably  and 
rigorously  have  acted  during  a  long  succession  of  ages. 

Prof.  Weismann  has  suggested^  that  when  a  variable 
spedea  enters  a  new  and  isolated  country,  although  the  varia- 
tions may  be  of  the  same  general  nature  as  before,  yet  it  is 
improbable  that  they  should  occur  in  the  same  proportional 
numbers.  After  a  longer  or  shorter  period,  the  species  will 
tend  to  become  nearly  uniform  in  character  from  the  incessant 
crossing  of  the  varying  individuals ;  but  owing  to  the  pro- 
portion of  the  individuals  varying  in  dilToront  ways  not  being 
the  same,  in  the  two  cases,  the  final  result  will  be  the  pro- 
duction of  two  forms  somewhat  different  from  one  another. 
In  cases  of  this  kind  it  would  falsely  appear  as  if  the  con- 
ditions had  induced  certain  definite  modifications,  whereas 
they  had  only  excited  indefinite  variability,  but  with  the 
variations  in  slightly  different  proportional  numbers.  This 
view  may  throw  some  light  on  the  fact  that  the  domestic 
animals  which  formerly  inhabited  the  several  districts  in 
Great  Britain,  and  the  half  wild  cattle  lately  kept  in 
several  British  parks,  differed  slightly  from  one  another ;  for 
these  animals  were  prevented  from  wandering  over  the  whole 
country  and  intercrossing,  but  would  have  crossed  freely 
within  each  district  or  park. 

From  the  difficulty  of  judging  how  far  changed  conditions  have 
caused  definite  modifications  of  structure,  it  will  be  advisable  to 
give  as  largo  a  body  of  facts  as  possible,  showing  that  oxtrcmoly 
slight  differences  within  the  same  country,  or  during  different 
seasons,  certainly  produce  an  appreciable  effect,  at  least  on  varieties 
which  are  already  m  an  unstable  condition.  Ornamental  flowers  are 
good  for  this  purpose,  as  they  are  highly  variable,  and  are  carefully 
ohserved.  All  floriculturists  are  unanimous  that  certain  varieties 
are  affected  by  very  slight  differences  in  the  nature  of  the  artificial 
compost  in  which  they  are  grown,  and  by  the  natural  soil  of  the 
district,  as  well  as  by  liie  season.  Thus,  a  skilful  judge,  in  writing 
on  Carnations  and  Picoteos,'  asks  "  whore  can  Admiral  Onrsson  Xto 
"seen  possessing  the  colour,  size,  and  strength  which  it  has  in 
"Derbyshire?  Where  can  Flora's  Garland  be  found  equal  to  those 
"  at  Slough  ?    Where  do  high-colon  red  flowers  revel  better  than  at 

*  *  Ueber  den  EinfliiM  der  Isolirnng  *  *  Gardener*!  Chronicle,*  185S,  p 

Mf  die  Artbildung,'  1 872.  1»3. 
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^  Woolwich  and  Birmin^hAm  ?  Yet  in  no  two  of  these  districts  do 
"  the  same  Tarieties  attain  an  eqnal  d^pree  of  exoellenoe,  although 
"  each  may  be  reoeiTing  the  attention  of  the  most  skilful  cnltiTators." 
The  same  writer  then  recommends  eyerr  enltlTator  to  keep  five 
different  kinds  of  soil  and  manure,  ''and  to  endeaToor  to  smt  the 
"  reqpectiTe  appetites  of  the  plants  von  are  dealing  with,  for  without 
"  sucn  attention  all  hojio  of  general  success  will  be  Tain."  So  it  is 
with  the  I^hlia' :  the  Lady  Cooper  rarely  succeeds  near  London,  but 
does  admirably  in  other  districts;  the  rererse  holds  good  with  other 
varieties;  and  agpain,  there  are  others  which  succeed  equally  well 
in  Tsrious  situations.  A  skilful  gardener'  states  that  he  procured 
cuttings  of  an  old  and  well-known  Tariety  (pulchella)  of  Verbena, 
which  firom  having  been  propagated  in  a  different  situation  presented 
a  slightiy  different  shade  of  colour ;  the  two  Tarieties  were  after- 
wards multiplied  by  cuttings,  being  carefally  kept  distinct ;  but  in 
the  second  year  thoy  could  hardly  bo  distinguished,  and  in  the  third 
year  no  one  could  distinguish  them. 

The  nature  of  the  season  has  an  especial  iniiuence  on  certain 
Tarieties  of  the  Dahlia:  in  18il  two  Tarieties  were  pre-eminently 
good,  and  the  next  year  these  same  two  were  pre-^ninentiy  bad. 
A  famous  amateur*  asserts  that  in  1861  many  Tarieties  of  the  Bose 
came  so  untrue  in  character,  **  that  it  was  haidly  possible  to  recog- 
*'  nise  them,  and  the  thought  was  not  seldom  entertained  that  the 
"  grower  had  lost  his  taHy.**^  The  same  amateur '  states  that  in  1862 
two-thirds  of  his  Auriculas  produced  central  trusses  of  flowers,  and 
such  trusses  are  liable  not  to  keep  true ;  and  he  adds  that  in  some 
seasons  certain  Tarieties  of  this  plant  all  proTe  good,  and  the  next 
season  all  prove  bad;  whilst  exactiy  the  reverse  hap^^ens  with  other 
varieties.  In  1845  the  editor  of  the '  Gkundener's  Ghromde '  *  remarked 
how  singular  it  was  that  this  year  many  Calceolarias  tended  to 
assume  a  tubular  form.  With  Heartsease  'the  blotched  sorts  do  not 
acquire  their  proper  character  until  hot  weather  sets  in ;  whilst  other 
varieties  lose  their  beautiful  marks  as  soon  as  this  occurs. 

Analogous  facts  have  been  observed  with  leaves:  Mr.  Beaton 
asserts^  wat  he  raised  at  Shrubland,  during  six  years,  twenty  thousand 
seedlings  from  the  Punch  Pelargonium,  and  not  one  had  variegated 
leaves;  but  at  Surbiton,  in  Surrey,  one-third,  or  even  a  greater  pro- 
portion, of  the  seedlings  from  this  same  variety  were  more  or  less 
variegated.  The  soil  of  another  district  in  Surrey  has  a  strong  ten- 
dency to  cause  variegation,  as  appears  from  information  given  me 
by  Sir  F.  Pollock.    Yerlot^'  states  that  the  variegated  strawberry 


*  Mr.     Wildman,     '  Horicultaral  *  Ibid.,  1862,  p.  83. 

Soc,'  Feb.  7, 1843,  reported  in  <  Gard.  .        '  <  Card.  Chron.,*  1845,  p.  660. 

Chron.,'  1843,  p.  86.  '  Ibid.,  1863,  p.  628. 

*  Mr.  RobM>D,  in' Journal  of  Horti-  •  'Journal  of  Hort.,'  1861,  pp.  B\ 
coltare,'  Feb.  13th,  1866,  p.  122.  800. 

*  >  Journal  of  Horticaltnre,'  1861,  *•  <  Dee  VarUMs,'  fto.,  p.  76. 
p.  24. 
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letains  its  character  as  long  as  grown  in  a  dryish  soil,-  but  soon 
loses  it  when  planted  in  fresh  and  humid  soil  Mr.  Salter,  who  is 
i¥ell  known  for  his  success  in  cu}tiyating  variegated  plants,  informs 
me  that  rows  of  strawberries  were  planted  in  his  garden  in  1859,  in 
the  usual  wav ;  and  at  yarious  distances  in  one  row,  several  plants 
simultaneously  became  variegated ;  and  what  made  the  case  more  ex- 
traordinary, all  were  variegated  in  precisely  the  same  manner.  These 
plants  were  removed,  but  during  the  three  succeeding  years  other 
plants  in  the  same  row  became  variegated,  and  in  no  instance  were 
the  plants  in  any  adijoining  row  affiocted. 

The  chemi<»J  qualities,  odours,  and  tissues  of  plants  are  ofton 
modified  by  a  change  which  seems  to  us  sUght  The  Hiemlock  is 
said  not  to  yield  conicine  in  Scotkmd.  The  root  of  the  Aoonitum 
napdlui  becomes  innocuous  in  frigid  climates.  The  medicinal  pro- 
p^es  of  the  Digitalis  are  easily  aiOfected  by  culture.  As  the  FUiada 
Untisctu  grows  abundantly  in  the  South  of  France,  the  climate  must 
suit  it,  but  it  yields  no  mastic.  The  Laurtu  iosaafixu  in  Europe 
loses  the  odour  proper  to  it  in  North  America."  Man^  similar  ficusts 
could  be  given,  and  they  are  remarkable  because  it  might  have  been 
thought  ^t  definite  chemical  compounds  would  have  been  little 
liable  to  change  eitiier  in  quality  or  quantity. 

The  wood  of  the  American  Locust-tree  Ti^o^mta)  when  grown  in 
England  is  nearly  worthless,  as  is  that  of  the  Oak-tree  when  grown 
at  the  Oape  of  Good  Hope.".  Hemp  and  flax,  as  I  hoar  from  Dr. 
Falconer,  flourish  and  yield  plenty  of  seed  on  the  plains  of  India, 
but  their  fibres  are  brittle  and  useless.  Hemp,  on  the  other  hand, 
faili  to  poduce  in  England  that  resinous  matter  which  is  so  largely 
used  in  India  as  an  intoxicating  dru^. . 

The  fruit  of  the  Melon  is  greatly  mfluenced  by  sUght  differences 
in  culture  and  climate.  Hence  it  is  generally  a  better  plan, 
according  to  Naudin,  to  improve  an  old  kind  than  to  introduce  a 
new  one  into  any  locality.  The  seed  of  the  Persian  Melon  pro- 
duces near  Paris  fruit  inferior  to  the  poorest  market  kinds,  but  at 
Bordeaux  yields  delicious  fruit.'*  Seed,  is  annually  brought  from 
Thibet  to  Blashmir,'^  and  produces  fruit  weighing  from  four  to  ten 
pounds,  but  plants  raised  next  year  from  seed  saved  in  Kashmir 
give  fruit  weighing  only  from  two  to  three  pounds.  It  is  well  ^own 
that  American  varieties  of  the  Apple  produce  in  their  native 
land  magnificent  and  brightlv-coloured  fruit,  but  these  in  England 
are  of  poor  quality  and  a  dull  colour.    In  Hungary  there  are  many 


"  Engel,  <  Snr  les  Prop.  H^idtles  *  Oardener't  Chronicle/ 1849,  p.  355; 

des  PlMtefl/  1860,  pp.  10,  25.    On  1862,  p.  1123. 
changes  in  the  odonrs  of  plants,  see  *'  Hooker,  *  Flora  Indica,'  p.  82. 

Drlibert's  EzperimenU,    qnoted    by  **  Naudin,  '  Annalee  des  So.  Nat,' 

Bejkman, '  Inventions,' toI.  ii.  p.  344;  4th  series,  Bot.,  torn,  xi.,  1859,  p.  81. 

and  Nees,  In  Ferossao,  '  Bnll.  des  So.  *  Gardener's  Chronicle,'  1859,  p.  464. 
Nat.,'    1824,    torn.  i.    p.  60.    With  >«  Moorcroft's  'Trarels,'  Ut\,  ro\ 

respect  to  the  rhubarb,  &c.,  «m  also  ii  p.  143. 
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varietios  of  the  kidney-bean,  remarkable  for  the  beauty  of  their 
seeds,  but  the  Bev.  M.  J.  Berkeley^  found  that  their  beauty  could 
hardly  eyer  be  preserved  in  Enghuid,  and  in  some  cases  the  colour 
i^as  greatly  changed.  We  haye  seen  in  the  ninth  copter,  with 
respect  to  wheat,  what  a  remarkable  effect  transportal  from  the 
north  to  the  south  of  France,  and  oonTersely,  produced  on  the 
weight  of  the  grain.    ^ 

When  man  can  perceive  no  change  in  plants  or  animals 
which  have  been  exposed  to  a  new  climate  or  to  different 
treatment^  insects  can  sometimes  perceive  a  marked  change* 
A  cactus  has  been  imported  into  India  from  Canton,  Manilla 
Mauritius,  and  from  the  hot-houses  of  Eew,  and  there  is  like- 
wise a  so-called  native  kind  which  was  formerly  introduced 
from  South  America ;  all  these  plants  belong  to  the  same 
species  and  arc  alike  in  appearance,  but  the  cochineal  insect 
flourishes  only  on  the  native  kind,  on  which  it  thrives 
prodigiously.^*  Humboldt  remarks^'  that  white  men  "  bom 
in  the  torrid  zone  walk  barefoot  with  impunity  in  the  same 
apartment  where  a  European,  recently  landed,  is  exposed  to 
the  attacks  of  the  FuUx  penetrans"  This  insect,  the  too  well- 
known  chigoe,  must  therefore  be  able  to  perceive  what  the 
most  delicate  chemical  analysis  fails  to  discover,  namely,  a 
difference  between  the  blood  or  tissues  of  a  European  and 
those  of  a  white  man  bom  in  the  tropics.  But  the  discern* 
ment  of  the  chigoe  is  not  so  surprising  as  it  at  first  appears ; 
for  according  to  Liebig^*  the  blood  of  men  with  different 
complexions,  though  inhabiting  the  same  country,  emits  a 
different  odour. 

Diseases  peculiar  to  certain  localities,  heights,  or  climates,  may  be 
hero  briefly  noticed,  as  sliowing  the  influence  of  external  circum- 
stances on  the  human  body.  Diseases  confined  to  certain  races  of 
man  do  not  concern  us,  for  the  constitution  of  the  race  may  play 
the  more  important  part/and  this  may  have  been  determined  by 
unknown  causes.    The  Plica  Polonica  stands,  in  this  respect,  in  a 


^*  *  Gardener*!  Chronicle,*  1861,  p.  haa     been     confirmed     bj    Karsten 

til 3.  ('Beitrag  znr  Kenntniae  der  Rhyn- 

'*  Royle, '  Productire  Resources  of  choprion :'  Moscow,  1864,  a.  89),  and 

India,'  p.  59.  by  others. 

"  'Personal  Karraiire,' Eng.  trans-  "  'Organic Chemistry,' Eng.  trana* 

Ut,  Tol.  T.  p.  101.     This  staUment  lat,  1st  edit.,  p.  369. 
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nearly  intermediate  position ;  for  it  rarely  affects  Germana,  who  in* 
habit  the  neighbonrhood  of  the  Yistala,  where  ao  many  Poles  are 
grievously  awcted ;  neither  does  it  affect  Bussians,  who  are  said 
to  belong  to  the  same  original  stock  as  the  Poles.^  The  eleva* 
tion  of  a  district  often  gorems  the  appearance  of  diseases;  in  Mexico 
tlie  yellow  fever  does  not  extend  above  924  metres ;  and  in  Fern, 
people  are  affected  with  the  tmrugaa  only  between  600  and  1600 
metres  above  the  sea ;  many  other  such  cases  could  be  given.  A 
peculiar  cutaneous  complaint,  called  the  Bouton  ^AUp^  affects 
m  Aleppo  and  some  neighbouring  districts  almost  every  native 
infant,  and  some  few  strangers ;  and  it  seems  fidrly  well  established 
tliat  tins  singular  complaint  depends  on  drinking  certain  watora. 
In  the  healthy  little  island  of  St  Helena  the  soarleWover  is  dreaded 
like  the  IMagne;  analogous  facts  have  boon  observed  in  Chili  and 
Mexico.**  Even  in  the  different  departments  of  France  it  is  found 
that  tiie  various  infirmities  which  render  the  conscript  unfit  for 
serving  in  the  army,  prevail  with  remarkable  inequalily,  revealing, 
as  Boudin  observes,  that  many  of  them  are  endemic,  which  other- 
wise would  never  have  been  suspected.*^  Any  one  who  will  study 
the  distribution  of  disease  will  be  struck  with  surprise  at  what 
slight  difference  in  the  surrounding  ciroumstanoos  govern  the 
nature  and  severity  of  the  complaints  by  which  man  is  at  least 
temporarily  affected. 

The  modifications  as  yet  referred  to  are  extremely  slight,  and  in 
most  cases  have  been  caused,  as  far  as  we  can  judge,  by  equally  slight 
differences  in  the  conditions.  But  such  conditions  acting  during 
a  series  of  generations  would  perhaps  produce  a  marked  effect 

With  plimts,  a  considerable  change  of  climate  sometimes  produces 
a  conspicuous  result  I  have  given  in  the  ninth  chapter  the  most 
remarokble  case  known  to  me,  namely,  that  of  varieties  of  maize, 
which  were  greatly  modified  in  the  course  of  only  two  or  three 
generations  when  taken  from  a  tropical  country  to  a  cooler  one,  or 
conversely.  Dr.  Falconer  informs  me  that  he  has  seen  the  English 
llibston-pippin  apple,  a  Himalayan  oak,  Frunus  andFyrus,  all  assume 
in  the  hotter  parts  of  India  a  fastigato  or  pyramidal  habit ;  and  this 
fact  is  the  more  interesting,  as  a  Chinese  tropical  species  of  Fyrus 
naturally  grows  thus.  Although  in  these  cases  the  ciianged  manner 
of  growth  seems  to  have  been  directly  caused  by  the  great  heat,  we 
know  that  many  fastigate  trees  have  originatea  in  their  temperate 
homes.  In  the  Botanic  Gardens  of  Ceylon  the  apple-tree"  "  sends 
out  numerous  runners  under  ground,  which  continually  rise  into 
small  stems,  and  form  a  growth  around  the  parent-tree."  The 
varieties  of  the  cabbage  whioli  produce  heads  in  Europe  fail  to  do  so 


*  Pilchard,  *Phyi.  Hitt.  of  Man-      Uk«ii  from  Dr.Bondin'i  <Q^graphio 
kij«I,'  1851,  vol.  i.  p.  155.  ot  SUtUtiquo  MMicala,'  1857,  torn. 

"*  Darwin, 'Journal  of Rosaarchet,* 
1845,  p.  434. 

'*  These  ttatamontt  on  dUeaae  are       vol.  i.,  1850,  p.  89. 


i.  pp.  zlir.  and  Hi.;  tom.  11.  p»  315. 
"  'Ceylon,'   by  Sir  J.  E.  Touneni, 
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in  certain  tropical  coantries."  The  Rhododendron  cUiatum  prodnced 
afe  Kew  flowers  so  mnoh  larger  and  paler-coloured  than  those  which 
it  bears  on  its  native  Himalayan  mountain,  that  Dr.  Hooker  **  would 
hardly  have  recognised  the  species  by  the  flowers  alone.  Many 
similar  facts  with  respect  to  the  colour  and  size  of  flowers  could 
be  given. 

The  experiments  ot  Yilmorin  and  Buckman  on  carrots  and 
|)ar8nip8  prove  that  abundant  nutriment  produces  a  definite  and 
inheritable  effect  on  the  roots,  with  scarcely  any  change  in  other 

Sarts  of  the  plant  Alum  directly  influences  the  colour  of  the 
owers  of  the  Hydrangea.*"  Dryness  seems  generally  to  favour  the 
hairiness  or  villosity  of  plants.  Gartner  found  that  hybrid 
Verbascums  became  extremely  woolly  when  grown  in  pots.  Mr. 
Masters,  on  the  other  hand,  states  that  the  Opuntia  hucotricha  '*  ia 
'*  well  clothed  with  beautiful  white  hairs  when  grown  in  a  damp 
"  heat,  but  in  a  dry  heat  exhibits  none  of  this  peculiarity."  "  Slight 
variations  of  many  kinds,  not  worth  specifying  in  detail,  are  retained 
only  as  long  as  plants  are  grown  in  certain  soils,  of  which  Sa^eret" 
gives  some  instances  from  his  own  experience.  Odart,  who  msists 
strongly  on  the  permanence  of  the  varieties  of  the  grape,  admits** 
that  some  varieties,  when  grown  under  a  different  climate  or  treated 
differently,  vary  in  a  slight  degree,  as  in  the  tint  of  the  fruit  and  in 
the  period  of  ripening.  Some  authors  have  denied  that  grafting 
causes  even  the  slightest  difference  in  the  scion;  but  there  is 
sufficient  evidence  that  the  fruit  is  sometimes  slightly  affected  in 
size  and  flavour,  the  leaves  in  duration,  and  the  flowers  in  appear- 
ance." 

There  can  be  no  doubt,  from  the  facts  ^ven  in  the  first 
chapter,  that  European  dogs  deteriorate  in  India,  not  only  in 
their  instincts  but  in  structure ;  but  the  changes  which  they  undergo 
are  of  such  a  nature,  that  they  may  be  partly  due  to  reversion  to  a 
primitive  form,  as  in  the  case  of  feral  animals.  In  parts  of  India  the 
turkey  becomes  reduced  in  size, "  with  thei>6ndulous  appendage  over 
the  beak  enormously  developed.'""  We  have  seen  how  soon  the  wild 
duck,  when  domesticated,  loses  its  true  character,  from  the  effects  of 
abundant  or  changed  fooa,  or  from  taking  little  exercise.  From  the 
direct  action  of  a  humid  climate  and  poor  posture  the  horse  rapidly 
decreases  in  size  in  tho  Falkland  Islands.    From  information  which 


**  Godron,  'De  TEsp^'  torn.  ii. 
p.  52. 

**  *  Jonroal  of  Horticultural  Soc,* 
rol.  vii.,  18:»2,  p.  117. 

**  <  Journal  of  Hort.  Soc./  vol.  i.  p. 
160. 

*•  See  Lcooq,  on  the  Villomty  of 
Plants,  '  G^^aph.  Bot./  torn.  iii.  pp. 
287,  291 ;  Giirtner,  '  BasUrderz.,^  s. 
261 ;  Mr.  Masten,  on  the  Opnntia, 
In  *  Gard.  Chronicle/  1846,  p.  444. 


"  *  Pom.  Phys./ p.  136. 

**  *  Amp^lographie/  1849,  p.  19. 

**  Gartner,  '  Bastarderz.,'  s.  606, 
has  collected  nearly  all  recorded  facts. 
Andrew  Knight  (in -'Transact.  Hort. 
Soc./  vol.  ii.  p.  160)  goee  so  far  as  to 
maintain  that  few  varieties  are  abso- 
lutely permanent  in  character  whei 
propagated  by  buds  or  grafts. 

*•  Mr.  Blyth,  in  <  Annals  and  Mag 
of  Nat  HUt./  Tol.  zz.,  1847,  p.  891. 
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I  haye  reoeiyed,  thiB  seemfl  likewise  to  be  the  case  to  a  certain 
extent  with  sheep  in  Anstralia.     • 

Climate  definitely  influences  the  hairy  coToring  of  animals;  in 
the  West  Indies  a  groat  chance  is  produced  in  the  fleece  of  sheep, 
in  about  three  generations.  j)r.  Falconer  states'^  that  the  Thibet 
mastiff  and  goat»  when  brought  down  from  the  Himalaya  to 
Kashmir,  lose  their  flne  wool.  At  Angora  not  only  goats,  but 
shepherd-dogs  and  cats,  haye  flne  fleecy  hair,  and  Mr.  Ainsworth** 
attributes  the  thickness  of  the  fleece  to  the  seyere  winters,  and  its 
silky  lustre  to  the  hot  summers. .  Bumes  states  positiyely "  that  the 
Earakool  sheep  lose  their  peculiar  black  curled  fleeces  when  remoyed 
into  any  other  country.  Eyen  within  the  limits  of  England,  I  haye 
been  assured  that  the  wool  of  two  breeds  of  sheep  Was  slightly 
changed  by  the  flocks  being  pastured  in  different  localities.'*  It 
has  been  asserted  on  good  authority  **  that  horses  kept  during 
seyeral  years  in  the  deep  coal-mines  of  Belgium  become  covered 
with  yelyety  hair,  almost  like  that  on  the  mole.  These  cases 
probably  stand  in  close  relation  to  the  natural  change  of  coat  in 
winter  and  summer.  Naked  varieties  of  several  domestic  animals 
have  occasionally  appeared ;  but  there  is  no  reason  to  believe  that 
this  is  in  any  way  related  to  the  nature  of  the  climate  to  which 
they  have  been  exposed.**  i 

It  appears  at  nrst  sight  probable  that  the  increased  size,  the 
tendency  to  fatten,  the  early  maturity  and  altered  forms  of  our 
improved  cattle,  sheep,  and  pigs,  have  directly  resulted  from  their 
abundant  supply  of  food.  This  is  the  opinion  of  manv  competent 
judges,  and  probably  is  to  a  great  extent  &ie.  But  as  &r  as  form  is 
concerned,  we  must  not  overlook  the  more  potent  influence  of 
lessened  use  on  the  limbs  and  lungs.  We  see,  moreover,  as  fiir  as 
size  is  concerned,  that  selection  is  apparently  a  more  powerful  agent 
thim  a  large  supply  of  food,  for  we  can  thus  onlv  account  for  tlie 
existence,  as  remarked  to  me  by  Mr.  Blyth,  of  the  lar|p;ost  and 
smallest  breeds  of  sheep  in  the  same  country,  of  Gochin-China  fowls 
and  Bantams,  of  small  Tumbler  and  large  Bunt  pigeons,  all  kept 
together  and  supplied  with  abundant  nourishment.  Nevertheless 
there  can  be  little  doubt  that  our  domesticated  animals  have  been 
modified,  independently  of  the  increased  or  lessened  use  of  parts,  by 
the  conditioDS  to  which  thqr  have  been  subjected,  without  the  aid 
of  selection.    For  instance,  riot  Butimeyer  "^  shows  that  the  bones  of 


*f  *  Nataral  History  Renew,'  1S62, 
p.  113. 

"  'Joarnal  of  Roy.  Geographical 
Sao.,'  Tol.  ii.,  1839,  p.  275. 

»  'Trareln  In  Bokhara,'  voL  ill.  p. 
151. 

**  Sse  also,  on  the  Infloenoe  of 
manhy  pastures  on  the  wool,  Oodron, 
tL'&ptee,'toni.  iLp.22. 

w  Isidore    Geoffroy    Saint-Hilaire, 


'Hist  Nat.  G^n.,'  torn.  iii.  p.  438. 

**  Asara  has  made  some  good  re- 
marks on  this  snbjoct,  'QnadropMes 
dtt  Paragoay,'  torn.  ii.  p.  337.  Sm 
an  account  of  a  family  of  naked  mice 
produced  in  England}  'Proc.  Zoolog. 
Soo.,'  1856,  p.  38. 

*'  <Die    Fauna   der  Pfkhlbanten, 
1861,  s.  15. 
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doinesticAted  quadrupeds  can  be  distingoished  from  those  of  wild 
animals  by  the  state  of  their  snrfaoe  and  general  appearance.  It  is 
scarcely  possible  to  read  Nathnsins^s  excellent  'vorstadien/**  and 
donbt  that,  with  the  highly  improTed  races  of  the  pig,  abundant 
food  has  produced  a  conspicuous  effect  on  the  eeneral  form  of  the 
body,  on  the  breadth  of  the  head  and  face,  ana  eyen  on  the  teeth. 
Nathusius  rests  much  on  the  case  of  a  purely  bred  Berkshire  pig, 
which  when  two  months  old  became  diseased  in  its  digestive  orsaus, 
and  was  preseryed  for  obseryation  until  nineteen  months  old;  at 
this  age  it  had  lost  several  characteristic  features  of  the  breed,  and 
had  acquired  a  long,  narrow  head,  of  large  size  relatively  to  its 
small  lx)dy,  and  elongated  legs.  But  in  this  case  and  in  some  others 
we  ought  not  to  assume  that,  because  certain  characters  are  lost, 
perhaps  through  reversion,  under  one  course  of  treatment,  therefore 
that  tney  were  at  first  directly  produced  by  an  opposite  treatment 

In  the  case  of  the  rabbit,  which  has  become  feral  on  the  island  of 
Porto  Santo,  we  are  at  first  strongly  tempted  to  attribute  the 
whole  change — the  greatly  reduced  size,  the  i^tered  tints  of  the  fur, 
and  the  loss  of  certam  characteristic  marks — to  the  definite  action 
of  the  new  conditions  to  which  it  has  been  exposed.  But  in  all  such 
cases  we  have  to  consider  in  addition  the  tendency  to  reversion  to 
progenitors  more  or  less  remote,  and  the  natural  selection  of  the 
finest  shades  of  difference. 

The  nature  of  the  food  sometimes  either  definitely  induces  certain 
peculiarities,  or  stands  in  some  close  relation  with  them.  Pallas 
long  ago  asserted  that  the  fiat-tailed  sheep  of  Siberia  degenerate 
and  lose  thoir  enormous  tails  when  removed  from  certain  saline 
pastures ;  and  recently  Erman  **  states  that  this  occurs  with  tiie 
Kirgisian  sheep  when  brought  to  Orenburgh. 

It  is  weir  known  that  hemp-seed  causes  bullfinches  and  certain 
other  birds  to  become  black.  Mr.  Wallace  has  communicated  to  me 
some  much  more  remarkable  facts  of  the  same  nature.  The  natives 
of  the  Amazonian  region  feed  the  common  green  parrot  {ChrmotU 
f estiva,  Linn.)  with  the  fat  of  large  Siluroid  fishes,  and  the  birds 
thus  treated  become  beautifully  variegated  with  red  and  yellow 
feathers.  In  the  Malayan  archipelago,  the  natives  of  Gilolo  alter  in 
an  analogous  manner  tlio  colours  of  another  parrot,  namely,  the 
LoriuM  gamduBt  Linn.,  and  thus  produce  the  liori  rajak  or  King- 
Lory.  These  parrots  in  the  Malay  Islands  and  South  America, 
when  fed  by  the  natives  on  natural  vegetable  food,  such  as  rice  and 
plaintains,  retain  their  proper  colours.  Mr.  Wallace  has,  also,  re- 
corded^* a  still  more  singular  fact.  "  The  Indians  (of  S.  America) 
''  have  a  curious  art  by  which  they  change  the  colours  of  the  feathers 
"  of  many  birds.  They  pluck  out  those  from  the  part  they  wish  to 
'*  paint,  and  inoculate  the  fresh  wound  with  the  milky  secretion 
"  from  the  skin  of  a  small  toad.    The  feathers  grow  of  a  brilliant 


**  <  SchweiDosch&dol/  1864,8.09.  **  A.  R.  WnlUoe,  <  Travels  oi  th« 

"*  'Travels  in  Siberia,'  Eng.  trans-      Amazon  and  Rio  Negro,'  p.  394^ 
bt,  Tol.  i.  p.  228. 
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"  yellow  colour,  and  on  being  plncked  ont,  it  is  said,  grow  again  of 
"  the  same  colour  without  any  fresh  operation.*' 

fiechstein^^  does  not  entertain  any  doubt  that  seclusion  from 
light  affects,  at  least  temporarily,  the  colours  of  cage-birds. 

It  is  well  known  that  the  shells  of  land-mollusca  are  affected  by 
the  abundance  of  lime  indifferent  districts.  Isidore  Geofi&oy  Saint- 
Hilaire  '*  giyes  the  case  of  Hdix  lactea,  which  has  recenUy  been 
carried  from  Spain  to  Uie  South  of  France  and  to  the  Rio  Plata,  and 
in  both  countnes  now  presents  a  distinct  appearance,  but  whether 
this  has  resulted  from  food  or  climate  is  not  Imown.  With  respect 
to  the  common  oyster,  Mr.  F.  Buckland  informs  me  that  he  can 
generally  distinguish  the  shells  from  different  districts;  young 
oystora  brought  from  Wales  and  laid  down  in  hods  whoro  "  natives " 
lire  indigenous,  in  the  short  sinvco  of  two  months  begin  to  assume 
the  "  native  "  character.  M.  Costa^  has  recorded  a  much  more  re- 
markable case  of  the  same  nature,  namely,  that  young  shells  taken 
from  the  shores  of  England  and'  placed  in  the  Mediterranean,  at 
once  altered  their  manner  ofgrowth  and  formed  prominent  diverging 
rays,  like  those  on  the  shells  of  the  proper  Mediterranean  oyBter.  The 
siwfio  individual  shell,  showing  both  forms  of  growth,  was  exhibited 
before  a  society  in  Paris.  Lastly,  it  is  well  known  that  caterpillars 
fed  on  different  food  sometimes  either  themselves  acquire  a  different 
colour  or  produce  moths  differing  in  colour.** 

It  would  be  travelling  beyond  my  proper  b'mits  here  to  discuss 
how  far  organic  beings  in  a  state  of  nature  are  definitely  modified 
by  changed  conditions.  In  my  'Origin  of  Species'  I  have  given  a 
brief  abstract  of  the  facts  bearing  on  this  point,  and  haye  shown  the 
influence  of  light  on  the  colours  of  birds,  and  of  residence  near  the 
sea  on  the  lurid  tints  of  insects,  and  on  the  succulency  of  plants. 
Mr.  Herbert  Si)encer*^  has  recently  discussed  with  much  ability 
this  whole  subject  on  general  grounds.  He  argues,  for  instance, 
that  with  all  animals  the  external  and  internal  tissues  are  differently 
acted  on  by  the  surrounding  conditions,  and  they  invariablv  differ 
in  intimate  structure.  So  again  the  upper  and  lower  surfaces  of 
true  leaves,  as  well  as  of  stems  and  petioles,  when  these  assume 


*^  '  NatorgMchichU  der  Staben- 
T5geVl840,t.  262,808. 

**  <Hist.  Nat  G^n.,'  torn.  iii.  p. 
40*2. 

**  *  Bull.  d«  la  Soc  Imp.  d'Accli- 
mat.,'  torn.  viii.  p.  85 1. 

**  See  an  aoooant  of  Mr.  Grogson's 
esperimeDts  on  the  Ahrasue  groeeU' 
laruUOf  *  Proc.  Entomolog.  Soc.,'  Jan. 
6th,  1862:  thete  experimeDts  have 
been  oonfirmed  by  Mr.  Greening,  in 
*Proo.  of  the  Northern  Entomolog. 
Soc.,'  July  28th,  1862.  For  tho  effecU 
of  food  on  caterpillars,  aee  a  curiouM 
account  by  M.  Michely,  in  *Bull.  de 


la  Soc.  Imp.  d'Acclimat.,'  torn.  Tiii.  p. 
563.  For  analogous  facts  from 
Dahlbom  on  Hymenoptera,  see  Went- 
wood's  *  Modern  Class,  of  Insects/ vol. 
ii.  p.  98.  See  also  Dr.  L.  MoUer, 
<Die  Abhanglgkoit  der  Insootvii,' 
18U7,  s.  70. 

n  <The  Prindplot  of  Biology,'  vol. 
:ii.,  1866.  The  present  chapters  were 
written  before  I  had  read  Mr.  Her- 
bert Spencer's  work:,  so  that  I  hbve 
not  been  able  to  make  so  much  use  of 
it  as  1  should  otherwise  probably 
have  dune. 
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tlie  function  and  occupy  the  position  of  leayes,  are  difforently 
drcnmstanced  with  reepeot  to  light,  &e,,  and  appazentljr  in  con* 
sequence  differ  in  Btractuio.  But,  as  Mr.  Herbert  Spencer  admits, 
it  is  most  difficult  in  all  such  cases  to  distinguish  between  the 
effects  of  the  definite  action  of  physical  conditions  and  the  accumu- 
latioft  through  natural  selection  of  inherited  Tariations  which  are 
serviceable  to  the  organism,  and  which  have  arisen  independently 
of  tho  definite  action  of  these  conditions. 

Although  we  are  not  here  oonoemed  with  the  definite 
action  of  the  oonditions  of  life  on  organisms  in  a  state  of 
nature,  I  may  state  that  much  evidence  has  been  gained 
during  the  last  few  years  on  this  subject.  In  the  United 
States,  for  instance,  it  has  been  clearly  proved,  more 
especially  by  Mr.  J.  A.  Allen,  that,  with  birds,  many  8})ecic8 
differ  in  tint,  size  of  IxKly  and  of  beak,  and  in  length  of  tail, 
in  proceeding  from  the  North  to  the  South ;  and  it  appears 
that  these  differences  must  be  attributed  to  the  direct  action 
of  toraporaturo.^*  With  rospoct  to  jilants  I  will  give  a  sonio- 
what  analogous  case :  Mr.  Meehan,*'  has  compared  twenty- 
nine  kinds  of  American  trees  with  their  nearest  European 
allies,  all  grown  in  close  proximity  and  under  as  nearly  as 
possible  tho  same  conditions.  In  the  American  species  he 
finds,  with  the  rarest  exceptions,  that  the  leaves  fall  earlier  iti 
the  season,  and  assume  before  their  fall  a  brighter  tint ;  that 
they  are  less  deeply  toothed  or  serrated ;  that  the  buds  are 
smaller ;  that  the  trees  are  more  diffuse  in  growth  and  have 
fewer  branchlets ;  and,  lastly,  that  the  seeds  are  smaller— all 
in  comparison  with  the  corresponding  European  species.  Now 
considering  that  these  corresponding  trees  belong  to  several 
distinct  orders,  and  that  they  aro  adapted  to  widely  different 
stations,  it  can  hardly  be  supposed  that  their  differences  are 
of  any  special  service  to  them  in  the  New  and  Old  worlds ; 
and  if  so  such  differences  cannot  have  been  gained  through 
natural  selection,  and  must  be  attributed  to  the  long  con- 
tinued action  of  a  different  climate. 

**  Professor  Weismann    comes    to  other  authors  on  the  present  subject  { 

the  same  conclosion  with  respect  to  for  instance,  to  Kemer's  *  Qute*  and 

certain  European   bntterflies  in   his  ^lechte  Arten,'  1866. 

raluable  essay,  <  ITeber  den  Saison-  ^'  '  Proc  Acad.  Nat.  Soo.  of  Phila^ 

Dimorphismus,'  1875.    I  might  also  delphia,*  Jan.  28th,  1862. 
refer  to  the  recent  works  of  several 
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OalU, — Another  class  of  facts,  not  relating  to  cultivated 
plants,  deserves  attention.  I  allude  to  the  production  of  galls. 
Everj  one  knows  the  curious,  bright-red,  haiiy  productions 
on  the  wild  rose-tree,  and  the  various  different  galls  produced 
by  the  oak.  Some  of  the  latter  resemble  fruit,  with  one' face 
as  rosy  as  the  rosiest  apple.  These  bright  colours  can  be  of 
1)0  service  either  to  the  gall-forming  insect  or  to  the  tree,  and 
probably  are  the  direct  result  of  the  action  of  the  light,  in  the 
same  manner  as  the  apples  of  Nova  Scotia  or  Canada  are 
brighter  coloured  than  English  apples.  According  to  Osten 
Sacken's  latest  revision,  no  less  than  fifty-eight  kinds  of  galls 
are  produced  on  the  several  species  of  oak,  by  Cynips  with  its 
sub-genera;  and  Mr.  B.  D.  Walsh^^  states  that  he  can  add 
many  others  to  the  list.  One  American  species  of  willow, 
the  Sdlix  humUUf  bears  ten  distinct  kinds  of  galls.  The  leaves 
which  spring  from  the  galls  of  various  English  willows  differ 
completely  in  shape  from  the  natural  leaves.  The  young 
shoots  of  junipers  and  firs,  when  punctured  by  certain  insects, 
yield  monstrous  growths  resembling  flowers  and  fir-cones  :  and 
the  flowers  of  some  plants  become  from  the  same  cause  wlioll  v 
changed  in  appearance.  Qalls  are  produced  in  every  quariv  r 
of  the  world ;  of  several  sent  to  me  by  Mr.  Thwaites  from 
Ceylon,  some  were  as  sjnnmetrical  as  a  composite  flower 
when  in  bud,  others  smooth  and  spherical  like  a  berry;  some 
protected  by  long  spines,  others  clothed  with  yellow  wool 
formed  of  long  cellular  hairs,  others  with  regularly  tufted 
hairs.  In  some  galls  the  internal  structure  is  simple,  but  in 
others  it  is  highly  complex ;  thus  M.  Lacaze-Duthiers**  has 
figured  in  the  common  ink-gall  no  less  than  seven  concentric 
layers,  composed  of  distinct  tissue,  namely,  the  epidermic, 
sub-epidermic,  spongy,  intermediate,  and  the  hard  protective 
layer  formed  of  curiously  thickened  woody  cells,  and,  lastly, 
the  central  mass,  abounding  with  starch-granules  on  which 
the  larvo)  feed. 

Galls  are  produced  by  insects  of  various  orders,  but  the 

«•  See  Mr.  B.  D.  Walsh's  excellent  1864,  p.  546. 

pnpers  in    *  Pruc    Entomolog.    Soc  **  See  his  admirable  *  Histoirt  de« 

Philadelphia,'  Dec.    1866,    p.    284.  Galles,' in  <  AnnaL  des  Sc.  Nat.  Bot./ 

With  respect  to  the  willow,  see  ibid.,  3rd  series,  torn,  xix.,  1853,  p.  273. 


Chap.  XXUI.  _  CONDITIONS  OF  LIFE.  273 

greater  number  by  species  of  Oynips.  It  ia  impossible  to  read 
M.  Lacaze-Duthiers'  discussion  and  doubt  that  the  poisonous 
secretion  of  the  insect  causes  the  growth  of  the  gall ;  and  eyery 
one  knows  how  virulent  is  the  poison  secreted  by  wasps  and 
bees,  which  belong  to  the  same  group  with  Oynips.  Galls 
grow  with  extraordinary  rapidity,  and  it  is  said  that  they 
attain  their  full  size  in  a  few  days  ;  *®  it  is  certain  that  they 
are  almost  completely  developed  before  the  larvad  are  batched. 
Considering  that  many  gall-insects  are  extremely  small,  the 
drop  of  secreted  poison  must  be  excessively  minute ;  it  pro- 
bably acts  on  one  or  two  cells  alone,  which,  being  abnor- 
mally stimulated,  rapidly  increase  by  a  process  of  self-division. 
Galls,  as  Mr.  Walsh^^  remarks,  afford  good,  constant,  and 
definite  characters,  each  kind  keeping  as  true  to  form  as  does 
any  independent  organic  being.  This  fact  becomes  still  more 
remarkable  when  we  hear  that,  for  instance,  seven  out  of  the 
ten  different  kinds  of  galls  produced  on  Sdlix  humilis  are  formed 
by  gall-gnats  (Cecidomytdai)  which  *'  though  essentially  dis- 
"  tinct  species,  yet  resemble  one  another  so  closely  that  in 
'*  almost  all  cases  it  is  difficult,  and  in  most  cases  impossible, 
«« to  distinguish  the  full-grown  insects  one  from  the  other.*'**^ 
For  in  accordance  with  a  wide-spread  analogy  we  may  safely 
infer  that  the  poison  secreted  by  insects  so  dosely  allieii 
would  not  differ  much  in  nature ;  yet  this  slight  difference  is 
sufficient  to  induce  widely  different  results.  In  some  few 
cases  the  same  species  of  gall-gnat  produces  on  distinct  species 
of  willows  galls  which  cannot  be  distinguiuhed ;  the  Ci/nip9 
fecwidairix,  also,  has  been  known  to  produce  on  the  Turkish 
oak,  to  which  it  is  not  properly  attached,  exactly  the  same 
kind  of  gall  as  on  the  European  oak.^^  These  latter  facts 
apparently  prove  that  the  nature  of  the  poison  is  a  more 
powerful  agent  in  determining  the  form  of  the  gall  than  the 
specific  character  of  the  tree  which  is  acted  on. 

As  the  poisonous  secretion  of  insects  belonging  to  various 
orders  has  the  special  power  of  affecting  the  growth  of  various 

••  KirbyandSpeiice'8*£ntomolog3r,'  **  Mr.  B.  D.  Walsh,  ibid.,  p.  63:$, 

1818,  Tol.  i.  p.  450 ;  Lacaso-I>uthien,  and  Dec  1866,  p.  275. 

ibid.,  p.  284.  **  Mr.  B.  D.  Walih,  ibid.,  1864,  pp 
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plants ;  as  a  slight  di£ference  in  the  nature  of  the  poison  suffices 
to  produce  widely  different  results ;  and  lastly,  as  we  know 
that  the  chemical  compounds  secreted  by  plants  are  eminently 
liable  to  be  modified  by  changed  conditions  of  life,  we  may 
believe  it  possible  that  various  parts  of  a  plant  might  be 
modified  through  the  agency  of  its  own  altered  secretions. 
Compare,  for  instance,  the  mossy  and  viscid  calyx  of  a  moss- 
rose,  which  suddenly  appears  through  bud-variation  on  a 
Provence-rose,  with  the  gall  of  red  moss  growing  from  the 
.  inoculated  leaf  of  a  wild  rose,  with  each  filament  s3rmmetri- 
cally  branched  like  a  microscopical  spruce-fir,  bearing  a 
glandular  tip  and  secreting  odoriferoius  gummy  matter.^^  Or 
compare,  on  the  one  hand,  the  fruit  of  the  peach,  with  its 
hairy  skin,  fleshy  covering,  hard  shell  and  kernel,  and  on  the 
other  hand  one  of  the  more  complex  galls  with  its  epidermic, 
spongy,  and  woody  layers,  surrounding  tissue  loaded  with 
starch  granules.  These  normal  and  abnormal  structures 
manifestly  present  a  certain  degree  of  resemblance.  Or, 
again,  reflect  on  the  cases  above  given  of  parrots  which  have 
had  their  plumage  brightly  decorated  through  some  change 
in  their  blood,  caused  by  having  been  fed  on  certain  fishes,  or 
locally  inoculated  with  the  poison  of  a  toad.  I  am  far  from 
wishing  to  maintain  that  ^e  moss-rose, or  the  hard  shell  of 
the  peach-stone  or  the  bright  colours  of  birds  are  actually  due 
to  any  chemical  change  in  the  sap  or  blood ;  but  these  cases  of 
galls  and  of  parrots  are  excellently  adapted  to  show  us  how 
powerfully  and  singularly  external  agencies  muy  affect  struc- 
ture. With  such  facts  before  us,  we  need  fe^  no  surprise 
at  the  appearance  of  any  modification  in  any  organic  being. 

I  may,  also,  here  allude  to  the  remarkable  effects  which  parasitic 
fungi  sometimes  produce  on  plants.  Reissek^  has  described  a 
Thesium,  affected  by  an  (Ecidium,  which  was  greatly  modified,  and 
assumed  some  of  the  characteristic  features  of  certain  allied  species, 
or  even  genera.  Suppose,  says  Beissek,  "  the  condition  originally 
"  caused  by  the  fungus  to  become  constant  in  the  course  of  time, 
**  the  plant  would,  if  found  growing  wild,  be  considered  as  a  distinct 
^  species  or  even  as  belonging  to  a  new  genua."     I  quote  this 

**  Lacaze-DuthMn,  ibid.,  pp.  825,  by  Dr.  M.  T.  Masten,  Royal  Instito- 
328.  tion,  March  IGth,  1800. 

**  *  Unnaea,*  roi.  xvli.,  18  i3 ;  qaoiwi 
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remark  to  show  how  profoimdlyj  yet  in  how  natural  a  manner^  this 

Slant  must  have  been  modifiea  by  the  parasitic  fungus.  Mr. 
[eehan**  also  states  that  three  species  of  Eaphorbia  and  Portulaoa 
olereaoea^  which  naturally  grow  prostrate,  become  erect  when  they 
are  attacked  by  the  (Ecidium.  £vphorlna  fnaefdata  in  this  case  also 
becomes  nodose,  with  the  branohlets  comparatively  smooth  and  the 
leaves  modified  in  shape,  approaching  in  these  respects  to  a  distinct 
species,  namely,  the  K  hypericifolia, 

FaeU  ani  Oonsideraiions  oppawd  to  ike  belief  that  (he  Gonditumi 
of  Life  act  in  a  potent  manner  in  eaueing  definite  Modificationa 
of  Structure. 

I  have  alluded  to  the  slight  differenoee  in  species  naturally 
living  in  distinct  oountries  under  different  conditions;  and 
such  diffoTonocs  wo  feol  at  first  inolinod  to  attributo,  probably 
often  with  justice,  to  the  definite  action  of  the  surrounding  con- 
ditions. But  it  must  be  borne  in  mind  that  there  exist  mary 
auimals  and  plants  which  range  widely  and  have  been  exposed 
to  gpreat  diversities  of  olimate,  yet  remain  uniform  in  character. 
Some  authoi-s,  as  previously  remarked,  aooount  for  the  varie- 
ties of  our  culinary  and  agricultural  plants  by  the  definite 
action  of  the  conditions  to  which  they  have  been  exposed  in 
the  different  parts  of  Great  Britain ;  but  there  are  about  200 
plants  *^  which  are  found  in  every  single  English  county ;  and 
these  plants  must  have  been  exposed  for  an  immense  period 
to  considerable  differences  of  climate  and  soil,  yet  do  not 
differ.  So,  again,  some  animals  and  plants  range  over  a  large 
portion  of  the  world,  yet  retain  the  same  character. 

Notwithstanding  the  facts  previously  given  on  the  occurrence  of 
highly  peculiar  local  diseases  and  on  we  strou^  modifications  of 
fltrnctiire  in  plants  caused  by  the  inoculated  poison  of  insects,  and 
other  analogous  cases;  still  there  are  a  multitude  of  variaiions — 
such  as  the  modified  skull  of  the  niata  ox  and  bulldog,  the  long 
horns  of  Cafire  cattle,  the  conjoined  toes  of  the  solid-hoofed  swine, 
the  immense  crest  and  protuberant  skull  of  Polish  fowls,  tide  crop 
of  the  pouter-pigeon,  and  a  host  of  other  such  cases— which  we  can 
hardly  attribute  to  the  definite  action,  in  the  sense  before  specified, 
of  the  external  conditions  of  life.  No  doubt  in  every  case  there 
must  have  been  some  exciting  cause;  but  as  we  see  innumerable 


M  <  Proo.  Acad.  Kat.  Se.,  Phlladol-  "  Hewett    C.    Watson,    <  CybaU 

phia,*  Jane  16,  1874,   and  July  28,      BriUnnica,'  toL  i.,  1847,  p.  11. 
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individnala  exposed  to  nearly  the  same  oondltioiu,  and  one  alone  is 
affected,  we  may  conclude  that  the  constittition  of  tiie  indiTidual  is 
of  fax  higher  importance  than  the  conditions  to  which  it  has  been 
exposed.  It  seems,  indeed,  to  be  a  oeneral  rale  that  conspicnous 
variations  occur  rarelT,  and  in  one  indiyidnal  alone  oat  of  millions, 
though  all  may  have  been  exposed,  as  far  as  we  can  judge,  to  nearly 
the  same  conditions.  As  the  most  strongly  marked  yariations 
graduate  insensibly  into  the  most  trifling,  we  are  led  by  tiie  same 
train  of  thought  to  attribute  each  slight  variation  much  more  to 
innate  differences  of  constitution,  however  caused,  fhaa  to  the 
definite  action  of  the  surrounding  conditions. 

We  are  led  to  the  same  conclusion  by  considering  the  cases, 
formerly  alluded  to,  of  fowls  and  pigeons,  wliioh  have  varied  and 
will  no  doubt  go  on  varying  in  directly  opposite  ways,  though  kept 
during  many  generations  under  nearly  the  same  conditions.  Some, 
for  instance,  are  bom  with  their  beaks,  wings,  tails,  legs,  dec,  a 
little  longer,  and  others  with  these  same  parts  a  little  shorter.  By 
the  long-continued  selection  of  such  slight  individual  differences 
which  occur  in  birds  kept  in  the  same  aviary,  widely  different  races 
could  certainly  be  formed ;  and  long-continued  selection,  important 
a<)  is  the  result,  does  nothing  but  preserve  the  variations  whi<£  arise, 
as  it  appears  to  us,  spontaneously. 

In  these  cases  we  see  that  domesticated  animals  vary  in  an 
indefinite  number  of  particulars,  though  treated  as  imiformly  as 
is  possible.  On  the  other  hand,  there  are  instances  of  animals  and 
plante,  which,  though  they  have  been  exposed  to  very  different 
conditions,  both  unaer  nature  and  domestication,  have  varied  in 
nearly  the  same  manner.  Mr.  Layard  informs  me  that  he  has 
observed  amongst  the  Gaffires  of  South  Africa  a  dog  singularly  like 
an  arctic  Esquimaux  dog.  Pigeons  in  India  present  nearly  the 
same  wide  diversities  of  colour  as  in  Europe;  and  I  have  seen 
chequered  and  simply  barred  pigeons,  and  pigeons  with  blue  and 
white  loins,  from  Sierra  Leone,  Madeira,  England,  and  India.  New 
varieties  of  flowers  are  continually  raised  in  difforent  parte  of  Great 
Britain,  but  many  of  these  are  found  by  the  judges  at  our  exhibitions 
to  be  almost  identical  with  old  varieties.  A  vast  number  of  new 
fruit-trees  and  culinary  vegetebles  have  been  produced  in  North 
America  :  these  differ  from  European  varieties  m  the  same  general 
manner  as  the  several  varieties  raised  in  Europe  differ  from  one 
another;  and  no  one  has  ever  pretended  that  the  climate  of  America 
has  given  to  the  many  American  varieties  any  general  character  by 
which  they  can  be  recognised.  Nevertheless,  from  the  facte  pre* 
viously  advanced  on  the  authority  of  Mr.  Meehan  with  respect  to 
American  and  European  forest-trees  it  would  be  rash  to  affirm  that 
varieties  raised  in  the  two  countries  would  not  in  the  course  of 
ages  assume  a  distinctive  character.  Dr.  M.  Masters  has  recorded  a 
striking  fiict**  bearing  on  this  subject:  he  raised  numerous  plants 

••  'Gardener't  Chroniclo,'  1857,  p.  629. 
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of  HyhUcH»  gyriactu  from  seed  collected  in  South  Carolina  and  the 
Holy  Land,  where  the  parent-plants  mnst  have  been  exposed  to 
considerably  different  conditions;  yet  the  seedlings  from  both 
localities  broke  into  two  similar  strains,  one  with  obtuse  leaves  and 
purple  or  crimson  flowers,  and  the  other  with  elongated  leaves  and 
more  or  less  pink  flowers. 

We  may,  also,  infer  the  prepotent  infliionoo  of  the  constitution  of 
the  organism  over  the  definite  action  of  the  conditions  of  life,  from 
the  several  cases  given  in  the  earlier  chapters  of  parallel  series  of 
varieties, — an  important  subject,  hereafter  to  be  more  folly  dis- 
cussed.  SubKvarieties  of  the  several  kinds  of  wheat,  gourds,  peaches, 
and  other  plants,  and  to  a  limited  extent  sub- varieties  of  the  fowl, 
pigeon,  ana  dog,  have  been  shown  either  to  resemble  or  to  di£fer 
from  one  another  in  a  closely  corresponding  or  parallel  manner. 
In  other  cases,  a  variety  of  one  species  resembles  a  distinct  species : 
or  the  varioticB  of  two  distinct  species  rosemblo  one  another. 
Although  thcso  imrollol  rosomblanoos  no  doubt  oftou  result  from 
reversion  to  the  former  characters  of  a  common  progenitor ;  yet  in 
other  cases,  when  new  characters  first  appear,  the  resemblance  must 
be  attributed  to  the  inheritance  of  a  similar  constitution,  and  con- 
sequently to  a  tendency  to  vary  in  the  fame  manner.  We  see 
something  of  a  similar  kind  in  the  same  monstrosity  appearing  and 
reappearing  many  times  in  the  same  species  of  anunal,  and,  as  Dr. 
Biax\vell  Masters  has  remarked  to  me,  in  the  same  species  of  plant. 

We  may  at  least  concliido,  that  the  amount  of  modifloatiou 
which  animals  and  plants  havo  undergone  under  domestication 
does  not  correspond  with  the  degree  to  which  they  have  been 
subjected  to  changed  oircumstances.  As  we  know  the  parent- 
age of  domesticated  birds  far  better  than  of  most  quadrupeds, 
wo  will  glanoe  through  the  list.  The  pigeon  has  varied  in 
Europe  more  than  almost  any  other  bird ;  yet  it  is  a  native 
species,  and  has  not  been  exposed  to  any  extraordinary  change 
of  conditions.  The  fowl  has  yariod  equally,  or  almost  equally, 
with  the  pigeon,  and  is  a  native  of  the  hot  jungles  of  India. 
Neither  the  peacock,  a  native  of  the  same  country,  nor  the 
guinea-fowl,  an  inhabitant  of  the  dry  deserts  of  Africa,  has 
varied  at  all,  or  only  in  colour.  The  turkey,  from  Mexico, 
has  varied  but  little.  The  duck,  on  the  other  hand,  a  native 
of  Europe,  has  yielded  some  well-marked  races ;  and  as  this 
is  an  aquatic  bird,  it  must  have  been  subjected  to  a  far  more 
serious  change  in  its  habits  than  the  pigeon  or  even  the  fowl, 
which  nevertheless  have  varied  in  a  much  higher  degree. 
The  gooee,  a  native  of  Europe  and  aquatic  like  the  duck,  has 
,  34 
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yaried  less  than  any   other  domesticated   bird,  except  the 
peacock. 

Bud-yariation  is,  also,  important  under  our  present  point  of 
yiew.  In  some  few  cases,  as  when  all  the  eyes  on  the  same 
tuber  of  the  potato,  or  all  the  fruit  on  the  same  plum-tree,  or 
nil  the  f  owers  on  the  same  plant,  haye  suddenly  yaried  in  the 
same  manner,  it  might  be  argued  that  the  yariation  had  been 
definitely  caused  by  some  change  in  the  conditions  to  which 
the  plants  had  been  exposed;  yet,  in  other  oases,  such  an 
admission  is  extremely  difficult.  As  new  characters  sonm- 
times  appear  by  bud-yariation,  which  do  not  occur  in  tho 
parent-species  or  in  any  allied  species,  we  may  reject,  at  least 
in  these  cases,  the  idea  that  they  are  due  to  reyersion.  Now 
it  is  well  worth  while  to  reflect  maturely  on  some  striking 
case  of  bud  yariation,  for  instance  that  of  the  peach.  This 
tree  has  been  cultiyated  by  the  million  in  yarious  parts  of  the 
world,  has  been  treated  differently,  grown  on  its  own  roots 
and  grafted  on  yarious  stocks,  planted  as  a  standard,  trained 
against  a  wall,  or  under  glass;  yet  each  bud  of  each  sub- 
yariety  keeps  true  to  its  kind.  But  occasionally,  at  long 
interyals  of  time,  a  tree  in  England,  or  under  the  widely 
diffbrent  dimate  of  Virginia,  produces  a  single  bud,  and  this 
yields  a  bmnch  which  ever  afterwards  bears  nectarines. 
Nectarines  differ,  as  eyery  one  knows,  from  peaches  in  tlioir 
smoothness,  size,  and  flayour ;  and  the  difference  is  so  groat 
that  some  botanists  haye  maintained  that  they  are  speci- 
fically distinct.  So  permanent  are  the  characters  thus 
suddenly  acquired,  that  a  nectarine  produced  by  bud-yariation 
has  propagated  itself  by  seed.  To  guard  against  tJie  supposi- 
tion that  there  is  some  fundamental  distinction  Ictween  bud 
and  seminal  yariation,  it  is  well  to  bear  in  Uiind  that 
nectarines  have  likewise  been  produced  from  the  stone  of  the 
peach ;  and,  reyersely,  peaches  from  the  stone  of  tlie  nectarine. 
aNow  is  it  possible  to  conceive  external  conditions  more 
closely  alike  than  those  to  which  the  buds  on  the  same  tree 
are  exposed  ?  Yet  one  bud  alone,  out  of  the  many  thousands 
borne  by  the  samu  tree,  lias  suddenly,  without  any  apparent 
cause,  produced  a  nectarine  But  the  case  is  eyen  stronger 
than  this,  fur  the  same  flower-bud  has  yielded  a  fruit,  one- 
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half  or  one-quarter  a  nectarme,  and  the  other  half  or  three- 
quarters  a  peaoh.  Again,  seven  or  eight  Tarieties  of  the 
peach  have  yielded  bj  bud-variation  neotarines :  the  nectarines 
thus  produced,  no  doubt,  differ  a  little  from  one  another ; 
but  still  thej  are  nectarines.  Of  course  there  must  be 
some  cause,  internal  or  external,  to  excite  the  peach*bud  to 
change  its  nature;  but  I  cannot  imagine  a  class  of  facts 
better  adapted  to  force  on  our  minds  the  conviction  that 
what  we  call  the  external  conditions  of  life  are  in  many  cases 
quite  insignificant  in  relation  to  any  particular  variation,  in 
comparison  with  the  organisation  or  constitution  of  the  being 
which  varies. 

It  is  known  from  the  labours  of  GeofEroy  Saint-Hilaire,  and 
recently  from  those  of  Dareste  and  others,  that  eggs  of  the 
fowl,  if  shaken,  placed  upright,  perforated,  covered  in  part 
with  varnish,  <&a,  produce  monstrous  chickens.  Now  these 
monstrosities  may  be  said  to  be  directly  caused  by  such 
xmnatural  conditions,  but  the  modifications  thus  ipduoed  are 
not  of  a  definite  nature.  An  excellent  observer,  M.  Oamille 
Dareste,**  remarks  "  that  the  various  spedes  of  monstrosities 
*'  are  not  determined  by  specific  causes ;  the  external  agencies 
which  modify  the  development  of  the  embryo  act  solely  in 
causing  a  perturbation — a  perversion  in  the  normal  course  of 
development."  He  compares  the  result  to  what  we  see  in 
illness  :  a  sudden  chill,  for  instance,  affects  one  individual 
alone  out  of  many,  causing  either  a  cold,  or  sore-throat,  rheu- 
matism, or  inflammation  of  the  lungs  or  pleura.  Contagious 
matter  acts  in  an  analogous  manner.*^  We  may  take  a  still 
more  specific  instance :  seven  pigeons  were  struck  by  rattle- 
snakes:*^ some  suffered  from  convulsions;  some  had  their 
blood  coagulated,  in  others  it  was  perfectly  fluid;  some 
showed  ecchymosed  spots  on  the  heart,  others  on  the  intestines, 
&0. ;  others  again  showed  no  visible  le»ion  in  any  organ.  It 
is  well  known  that  excess  in  drinking  causes  different  diseases 

«•    *  M^moire    rar  1*    Production  his  '  Vie,  Traraux,'  &c.,  1847,  p.  200. 

Artifioiclle  des  Monstruosit^s,'  18'f2,  **  P«get»    'Lectures    on    Surgical 

pp.  S-12 ;  '  Recherches  sur  lee  Conai-  Pathologj,'  1853,  toL  i.  p.  483. 

t^oDt,  &c,  ches  les  Monstres,'  1863,  '*  '  Researches  upon  the  Venom  of 

p.    <>.    An    abstract  is    giTcn    of  the  Rattle-snalce,'  Jao.  1861,  by  Ih, 

Genffroy's  £zperimenii  by  his  son,  in  Mitchell,  p.  67. 
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in  different  men ;  but  in  the  tropios  the  effects  of  intemper- 
ance differ  from  tiioee  caused  in  a  cold  climate ;  *'  and  in  this 
case  we  see  the  definite  influence  of  opposite  conditions. 
The  foregoing  facts  apparently  give  us  as  good  an  idea  as 
we  are  likely  for  a  long  time  to  obtain,  how  in  many  cases 
external  conditions  act  directly,  though  not  definitely,  in 
causing  modifications  of  structure. 

Summaiy.— There  can  be  no  doubt,  from  the  facts  given  in 
this  chapter,  that  extremely  slight  changes  in  the  conditions 
of  life  sometimes,  probably  often,  act  in  a  definite  manner 
on  our  domesticated  productions;  and,  as  the  action  of 
changed  conditions  in  causing  indefinite  variability  is  accumu- 
lative, so  it  may  be  with  their  definite  action.  Hence 
considerable  and  definite  modifications  of  structure  probably 
follow  from  altered  conditions  acting  during  a  long  series  of 
generations.  In  some  few  instances  a  marked  effect  has  been 
produced  quickly  on  all,  or  nearly  all,  the  individuals  which 
have  been  exposed  to  a  marked  change  of  climate,  food,  or 
other  circumstance.  This  has  occurred  with  European  men  in 
the  United  States,  with  European  dogs  in  India,  with  horses 
in  the  Falkland  Islands,  apparently  with  various  animals  at 
Angora,  with  foreign  oysters  in  the  Mediterranean,  and  with 
maize  transported  from  one  climate  to  another.  We  have 
seen  that  the  chemical  compounds  of  some  plants  and  the 
state  of  their  tissues  are  readily  affected  by  changed  condi- 
tions. A  relation  apparently  exists  between  certain  characters 
and  certain  conditions,  so  that  if  the  latter  be  changed  the 
character  is  lost^as  with  the  colours  of  flowers,  the  state  of 
some  culinary  plants,  the  fruit  of  the  melon,  the  tail  of 
fat-tailed  sheep,  and  the  peculiar  fleeces  of  other  sheep. 

The  production  of  galls,  and  the  change  of  plumage  in  parrots 
when  fed  on  peculiar  food  or  when  inoculated  by  the  poison 
of  a  toa'1,  prove  to  us  what  great  and  mysterious  changes  in 
structure  and.  colour,  may  be  the  definite  result  of  chemical 
changes  in  the  nutrient  fluids  or  tissues. 

We  now  almost  certainly  know  that  organic  beings  in  o 

•*  Mr.  Sorigivick,  In  *  British  and  Foreign  Mcdlco-Chirnrg.  Revinw,'  Jnlf 
1863,  p.  175. 
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state*  of  nature  may  be  modified  in  yariotiB  definite  ways  by 
the  conditions  to  whicli  tbey  have  been  long  exposed,  as  in 
the  case  of  the  birds  and  other  animals  in  the  northern  and 
southern  United  States,  and  of  American  trees  in  comparison 
with  their  roproscntativos  in  Europe.  But  in  many  coses  it 
is  most  difficult  to  distinguish  between  the  definite  result  of 
changed  conditions,  and  the  accumulation  through  natural 
selection  of  indefinite  variations  which  have  prove  serviceable. 
If  it  profited  a  plant  to  inhabit  a  humid  instead  of  an  arid 
station,  a  fitting  change  in  its  constitution  might  possibly 
result  from  the  direct  action  of  the  environment,  though  we 
have  no  grounds  for  believing  that  variations  of  the  right 
kind  would  occur  more  frequently  with  plants  inhabiting  a 
station  a  little  more  humid  than  usual,  than  with  other  plants. 
Whether  the  station  was  unuflually  dry  or  humid,  variations 
adapting  the  plant  in  a  slight  degree  for  directly  opposite 
habits  of  life  would  occasionally  arise,  as  we  have  good  reason 
to  believe  from  what  we  actually  see  in  other  cases. 

The  organisation  or  constitution  of  the  being  which  is 
acted  on,  is  generally  a  much  more  important  element  than 
the  nature  of  the  changed  conditions,  in  determining  the 
nature  of  the  variation.  We  have  evidence  of  this  in  the 
appearance  of  nearly  similar  modifications  under  difierent 
conditions,  and  of  difierent  modifications  under  apparently 
nearly  the  same  conditions.  We  have  still  better  evidence  of 
this  in  closely  parallel  varieties  being  frequentiy  produced 
from  distinct  races,  or  even  distinct  species;  and  in  the 
frequent  recurrence  of  tlie  same  monstrosity  in  the  same 
species.  We  have  also  seen  that  the  degree  to  which 
domesticated  birds  have  varied,  does  not  stand  in  any  dose 
relation  with  the  amount  of  change  to  which  they  have  been 
subjected. 

To  recur  once  again  to  bud-variations.  When  we  reflect  on 
the  millions  of  buds  which  many  trees  have  produced,  before 
some  one  bud  has  varied,  we  are  lost  in  wonder  as  to  what 
the  precise  cause  of  each  variation  can  be.  Let  us  recall  the 
case  given  by  Andrew  Enight  of  the  forty-year-old  tree  of  the 
yellow  magnum  bonum  plum,  an  old  variety  which  has  been 
propagated  by  grafts  on  various  stocks  for  a  very  long  period 
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thronghout  Europe  and  Nortli  America,  and  on  wliioh  a 
single  bud  suddenly  produced  the  red  magnum  bonura.  We 
should  also  bear  in  mind  that  distinct  varieties,  and  even 
distinct  species, — as  in  the  case  of  peaches,  nectarines,  and 
apricots, — of  certain  roses  and  camellias, — although  separated 
bj  a  vast  number  of  generations  from  any  progenitor  in 
common,  and. although  cultivated  under  diversified  conditions, 
have  yielded .  by  bud-variation  closely  analogous  varieties. 
When  we  reflect  on  these  facts  we  become  .deeply  impressed 
with  the  conviction  that  in  such  cases  the  nature  of  the 
variation  depends  but  little  on  the  conditions  to  which  the 
plant  has  been  exposed,  and  not  in  any  especial  manner  on 
its  individual  character,  but  much  more  on  the  inherited 
nature  or  constitution  of  the  whole  group  of  allied  beings  to 
which  the  plant  in  question  belongs.  We  are  thus  driven  to 
conclude  that  in  most  cases  the  conditions  of  life  play  a 
subordinate  part  in  causing .  any  particular  modification ;  like 
that  which  a  spark  plays,  when  a  mass  of  combustibles  bursts 
into  flame — the  nature  of  the  flame  depending  on  the  com- 
bustible matter,  and  not  on  the  spark.*' 

No  doubt  eadt  slight  variation  must  have  its  efiicient  cause ; 
but  it  is  as  hopeless  an  attempt  to  discover  the  cause  of  each, 
as  to  say  why  a  chill  or  a  poison,  affects  one  man  differently 
from  another.  Even  with  modifications  resulting  from  the 
definite  action  of  the  conditions  of  life,  when  all  or  nearly  all 
the  individuals,  which  have  been  similarly  exposed,  are  simi- 
larly affected,  we  can  rarely  see  the  precise  relation  between 
cause  and  effect.  In  the  next  chapter  it  will  be  shown  that 
the  increased  use  or  disuse  of  Various  organs  produces  an 
inherited  effect.  It  will  further  be  seen  that  certain  varia- 
tions are  bound  together  by  correlation  as  well  as  by  other 
laws.  Beyond  this  we  cannot  at  present  explain  either  the 
causes  or  nature  of  the  variability  of  organic  beings. 

**  Profenor  WeUmann  arguM  'Saiaon-DimorphlfmuidorSohinoitar* 
ftronglj  in  Uronr  cf  .thU  Tiew  in  his      lioge,'  1875,  p|».  40-43. 
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CHAPTER  XXIV. 

LAWS  OF   VABIATIOX — USK  AND  DISUSB,   fflU 

ram  IOBMAT1YU8,  OB  TBM  OO-ORDINATIXO  FOWSB  OF  TH>  OBOAVIBATION— 
ON  THB  BPFBOn  OF  THB  INOBBAgBD  VSM  AND  DIBUU  OF  0B0AN8 — 
GHANQED  HABITB  OF  UTM — ^AOOUHATUATION  WITH  ANDfALS  AND  PUANTI 
— VARIOUS  MBTBODS  ST  WHICH  THIS  CAN  BB  BFFBOTBD — ^ABBBSTB  OF 
DBVBLOPMBSrr— >BX7DIMBNTABT  OBQANS. 

In  this  and  the  two  following  dhapters  I  shall  disouss,  as  well 
as  the  difiBoultj  of  the  subject  permits,  the  several  laws  which 
govern  Variability.  These  may  be  grouped  under  the  effects 
of  use  and  disuse,  including  changed  habits  and  acclimatisation 
— arrest  of  development— correlated  variation — the  cohesion 
of  homologous  parts — the  variability  of  multiple  parts — com- 
pensation of  growth — the  position  of  buds  with  respect  to  the 
axis  of  the  plant — and  lastly,  analogous  variation.  These 
several  subjects  so  graduate  into  one  another  that  their  dis- 
tinction is  often  arbitrary. 

It  may  bo  convenient  first  briefly  to  discuss  that  co- 
ordinating and  reparative  power  which  is  common,  in  a  higher 
or  lower  degree,  to  all  organic  beings,  and  which  was  formerly 
designated  by  physiologists  as  nitua  farmativui. 

Blumenbach  and  others '  have  insisted  that  the  principle  which 
permits  a  Hydra,  when  cut  into  fragments,  to  develop  itself  into 
two  or  more  perfect  animals,  is  the  same  with  that  which  causes 
a  wound  in  the  higher  animals  to  heal  by  a  cicatrice.  Such  cases 
OS  that  of  the  Hydra  are  evidently  anidogous  to  the  spontaneous 
division  or  fissiparons  generaUon  of  the  lowest  animals,  and  like- 
wise to-  the  budding  of  plants.  Between  these  extreme  cases  and 
that  of  a  mere  cicatrice  we  have  every  gradation.  Spallanzani,'  by 
cutting  off  the  legs  and  tail  of  a  Salamander,  got  in  the  course  of  three 
months  six  crops  of  these  members ;  so  that  687  perfect  bones  were 
reproduced  by  one  animal  during  one  season.    At  whatever  point 


>  <Ab  Emtij  on  Oenention,*  Eng.      209. 
iransUi.,  p^  IS ;  Paget,  *  Lectnret  oo  '  '  An  Esny  on  Animnl  R«proJn«> 

8argioal  Pathology,^  1S53,  toL  i.  p.      tion,'  £ng.  iransUi.,  1769,  p.  79. 
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the  limb  was  cut  off,  the  deficient  port,  and  no  more,  was  exactly 
reproduced.  When  a  diseased  bone  has  been  remoTed,  a  new  one 
sometimes  "  gradually  assumes  the  regular  form,  and  all  the  attaoh- 
"  ments  of  muscles,  hgaroents,  &c.,  become  os  complete  as  before.*^ 

This  power  of  re-growth  does  not,  however,  always  act  x)erfectly ; 
the  reproduced  tail  of  a  liasard  diffors  in  tlie  form  of  the  scales  from 
the  normal  tail :  with  certain  Orthopterous  insects  the  large  hind 
legs  are  reproduced  of  smaller  size :  *  the  white  oicatrioe  which  in 
the  higher  animals  unites  the  edges  of  a  deep  wound  is  not  formed 
of  perfect  skin,  for  elastic  tissue  is  not  produced  till  long  afterwards.* 
"  The  activity  of  the  nuus/ormoHmtii,"  says  Blumenbach,  "  is  in  an 
"  inverse  ratio  to  the  age  of  the  organised  body."  Its  power  is  also 
greater  with  animals,  the  lower  they  stand  in  the  scale  of  organi- 
eation ;  and  animals  low  in  the  scale  correspond  with  the  embryos  of 
higher  animals  belonging  to  the  same  class.  Newport's  observations  * 
affords  good  illustration  of  this  fiGtct,  for  he  found  that  **  myriapods, 
"  whose  highest  development  scarcely  carries  them  beyond  the  farviB 
"  of  perfect  insects,  can  regenerate  limbs  and  antenn»  up  to  the 
"time  of  their  last  moult;*'  and  so  can  the  lorvie  of  true  insects, 
but,  except  in  one  order,  not  in  the  mature  insect  Salamanders  cor- 
respond m  development  with  the  tadpoles  or  larvie  of  the  taillcHS 
Batrachions,  and  both  possess  to  a  large  extent  the  ix>wer  of  rc- 
growth ;  but  not  so  the  mature  tailless  Batrachians. 

Absorption  often  plays  an  important  part  in  the  repair  of  injuries. 
When  a  bone  is  broken  and  does  not  unite,  the  ends  are  absorbed 
and  rounded,  so  that  a  false  joint  is  formed ;  or  if  the  ends  unite, 
but  overlap,  the  projecting  parts  are  removed.^  A  dislocated  bone 
will  form  for  itself  a  new  socket.  Displaced  tendons  and  varicose 
v<jins  excavate  new  channels  in  the  bones  against  which  they  press. 
But  absorption  comes  into  action,  as  Yirchow  remarks,  during  the 
normal  growth  of  bones ;  parts  which  are  solid  during  youth  become 
hollowed  out  for  the  medullary  tissue  as  the  bone  increases  in  size. 
In  trying  to  understand  the  many  well-adapted  cases  of  re-growth 
when  aided  by  absorption,  we  should  roraomlior  that  almost  all 
parts  of  the  organisation,  even  whilst  retaining  the  same  form, 
undergo  constant  renewal ;  so  that  apart  which  is  not  renewed  would 
Ix)  liable  to  absorption. 

Some  cases,  usually  classed  nnder  the  so-called  nmi$  formativus. 
at  first  appear  to  come  under  a  distinct  head ;  for  not  only  are  old 
structures  reproduced,  but  new  structures  are  formed.  Thus,  after 
indamroation  "false  membranes,"  furnished  with  blood-vessels, 
lymphatics,  and  nerves,  are  developed ;  or  a  foetus  escapes  from  the 

*  Carpenter's  *  Principles  of  Comp.       Phys./  p.  479. 

lliysiology,'  1854,  p.  41 9.  '  Prof.   Marey's  discassion  on  the 

*  Charlesworth's  '  Mag.  of  Nat.  power  of  co-adaptation  in  all  parts  of 
Hist.,'  vol.  i.,  1837,  p.  145.  the    organisation    is   exc«llent.    *  La 

*  Paget,  *  Lectures  on  Surgical  Machine  Animale,' 1873*  chap.  iz.  Sti 
Pathology/  vol.  i.  p.  239.  also  Paget, '  Lectures,'  Jic.,  p.  257. 

*  Quoted    by    Carpenter,    *Comp. 
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FaUopian  tabes,  and  fiills  into  the  abdomen,  *'  nature  pcrais  ont  a 
"  quantity  of  plastic  lymph,  which  fonuB  itself  into  oiganised  mem- 
''brane,  richly  suppfied  with  blood-vessels "  and  the  foetus  is 
nourished  for  a  time.  In  certain  cases  of  hydrocephalus  the  open 
and  dangerous  snaces  in  the  skull  are  filled  up  with  new  bones, 
which  interlock  oy  perfect  serrated  sutures.*  £ ut  most  physiolo- 
gists, especially  on  the  Oontinent.  have  now  given  up  the  oelief  in 
plastic  lymph  or  blastema,  ana  Yirchow*  maintains  that  every 
structure,  new  or  old,  is  formed  by  the  proliferation  of  pre-existing 
cells.  On  this  view  false  membranes,  like  cancerous  or  other 
tumours,  are  merely  abnormal  developments  of  normal  growths ; 
and  we  can  thus  understand  how  it  is  that  they  resemble  aG(joining 
structures;  for  instance,  that  a  ''fiUse  membrane  in  the  serous 
*'  cavities  acquires  a  covering  of  epithelium  exactly  like  that  which 
"  covers  the  original  serous  membrane;  adhesions  of  the  iris  may 
"  become  black  apparently  firom  the  production  of  pigment-cells  like 
"  those  of  the  uvea."  » 

No  doubt  the  xx>wer  of  reparation,  though  not  always  perfect,  is 
an  admirable  provision,  ready  for  various  emergencies,  even  for  such 
as  occur  only  at  long  intervals  of  time.*^  Yet  this  power  is  not  more 
wonderful  than  the  growth  and  development  of  every  single  creature, 
more  especially  of  those  which  are  propagated  by  fissiparous  gene- 
ration. This  subject  has  been  here  noticed,  because  we  may  infer 
tiiat,  when  any  port  or  organ  is  either  greatly  increased  in  size  or 
wholly  suppressed  through  variation  and  continued  selection,  the 
co-ordinatmg  power  of  uie  organisation  will  continually  tend  to 
bring  again  all  the  ports  into  harmony  with  one  another. 

On  (he  EffeeU  of  ike  Increased  Uee  and  Disuse  cf  Organs, 

It  is  notorious,  and  we  shall  immediately  adduce  proofs, 
that  increased  use  or  action  strengthens  muscles,  glands, 
sense-organs,  &a ;  and  that  disuse,  on  the  other  hand,  weakens 
them.  It  has  been  experimentally  proved  bj  Banke  ^'  that 
the  flow  of  blood  is  greatly  increased  towards  any  part  which 
is  performing  work,  and  sinks  again  when  the  part  is  at  rest. 
Consequently,  if  the  work  is  frequent,  the  vessels  increase  in 
size  and  the  part  is  better  nourished.  Paget  ^*  also  accounts 
for  the  long,  thick,  dark-coloured  hairs  which  occasionally 

*  These  cases  are  given  hj  Blumen-  *'  *  Die  BlatTertbeilung,  &a  der 

bach  in  his  *  Essay  on  Generation,' pp.  Organe,'  1871,  as  quoted  by  Jaeger, 

52,  54.  <  In  Sachen  Darwin's,'  1874,  p.  4& 

*<Cellalar   Pathology,'  trans,  by  5m  also  H.  Spencer,  <The  Prindplea 

Ih.  Chance,  1860,  pp.  27,  441.  of  Biology,'  vol.  ii.  1866,  chap.  8-5. 

>•  Paget,  *  Lectores  on  Pathology,'  >*  *  Lectures  on  Pathology,'  185.?^ 

Tol.  i.,  1853,  p.  857.  trol.  I.  p.  71. 

"  Paget,  ibid.,  p.  150. 
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grow,  even  in  young  obildzen,'  near  old-standing  inflamed 
BnrfaceB  or  fraotured  bones  by  an  increased  flow  of  blood  to 
the  part.  When  Hnnter  ins^ied  the  spur  of  a  oook  into  the 
oomb,  which  is  well  supplied  with  blood-vessels,  it  grew  in 
one  case  spirally  to  a  length  of  six  inches,  and  in  another  case 
forward,  like  a  horn,  so  that  the  bird  oonld  not  touch  the 
ground  with  its  beak.  According  to  the  interesting  observa- 
tions of  M.  Sedillot,^^  when  a  portion  of  one  of  the  bones  of 
the  leg  of  an  animal  is  removed,  the  associated  bone  enlarges 
till  it  attains  a  bulk  equal  to  that  of  the  two  bones,  of  which 
it  has  to  perform  the  functions.  This  is  best  exhibited  in 
dogs  in  which  the  tibia  has  been  removed ;  the  companion 
bone,  which  is  naturally  almost  filiform  and  not  one-fifth  the 
size  of  the  other,  soon  acquires  a  size  equal  to  or  greater  than 
that  of  the  tibia.  .  Now,  it  is  at  first  difficult  to  believe  that 
increased  weight  acting  on  a  straight  bone  could,  by  alternately 
increasing  and  diminishing  the  pressure,  cause  the  blood  to 
flow  more  freely  in  the  vessels  which  permeate  the  periosteum 
and  thus  supply  more  nutriment  to  the  bone.  Nevertheless 
the  observations  adduced  by  Mr.  Spencer,^^  on  the  strengthen- 
ing of  the  bowed  bones  of  rickety  childrdi^  along  their  con- 
cave sides,  leads  to  the  belief  that  this  is  possible. 

llie  rooking  of  the  stem  of  a  tree  increases  in  a  marked 
manner  the  growth  of  the  woody  tissue  in  the  parts  which  are 
strained.  Prof.  Sachs  believes,  from  reasons  which  he  assigns, 
that  this  is  due  to  the  pressure  of  the  bark  being  relaxed  in 
such  parts,  and  not  as  Knight  and  H.  Spencer  maintain,  to 
an  increased  flow  of  sap  caused  by  the  movement  of  the 
trunk.^'  But  hard  woody  tissue  may  be  developed  without 
the  aid  of  any  movement,  as  we  see  with  ivy  closely  attached 
to  an  old  wall.  In  all  such  cases,  it  is  very  difficult  to  distin- 
guish between  the  effects  of  long-continued  selection  and  those 
which  follow  from  the  increased  action  of  the  part,  or  directly 
from  some  other  cause.  Mr.  H.  Spencer  ^^  acknowledges 
this  difficulty,  and  gives  as  an  instance  the  thorns  on  trees 

**  'Comptef  Randos,'  Sept  26th,  >•  Ibid.,  rol.  iL    p.    369.    Sacht, 

1864^.  539.  <  T«zt-book  of  BoUiijr/  1875,  p.  734w 

>*  tt.  Spencer,  <The  Princlplei  of  >'  Ibid.,  toI.  ii.  p.  278. 
Biology/  rol.  ii.  p.  248. 
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and  the  shells  of  nuts.  Here  we  have  extremely  hard  woody 
tissue  without  the  possibility  of  any  moTement,  and  without, 
as  far  as  we  can  see,  any  other  directly  exciting  cause ;  and  as 
the  hardness  of  these  parts  is  of  manifest  service  to  the  plant, 
we  may  look  at  the  result  as  probably  due  to  the  selection  of 
fM>callod  spontaneous  variations.  Every  one  knows  that  hard 
work  thickens  the  epidermis  on  the  hands;  and  when  we 
hear  that  with  infants,  long  before  birth,  the  epidermis  is 
fchicker  on  the  palms  and  soles  of  the  feet  than  on  any  other 
part  of  the  body,  as  was  observed  with  admiration  by  Albinus,^^ 
we  are  naturally  inclined  to  attribute  this  to  the  inherited 
effects  of  long-continued  use  or  pressure.  We  are  tempted  to 
extend  the  same  view  even  to  the  hoofs  of  quadrupeds ;  but 
who  will  pretend  to  determine  how  far  natural  selection  may 
have  aided  in  the  formation  of  structures  of  such  obvious 
importance  to  the  animal  ? 

»         * 

That  uso  strengthens  the  muscles  may  bo  seen  in  the  limbs  of 
artisans  who  follow  different  trades;  and  when  a  muscle  is 
strengthened,  the  tendons,  and  thQ  crests  of  bone  to  which  they  are 
attached,  become  enlarged;  and  this  must  likewise  be  the  case  with 
the  blood-vessels  and  nerves.  On  the  other  hand,  when  a  limb  is 
not  used,  as  by  Eastern  fanatics,  or  when  the  nerve  supplying  it 
with  nervous  power  is  effectually  destroyed,  the  muscles  wii£er. 
So  again,  when  the  eye  is  destroyed  the  optic  nerve  becomes 
atrophied,  sometimes  even  in  the  course  of  a  few  months.**  The 
Proteus  IB  furnished  with  branchisB  as  well  as  with  lungs:  and 
Schreibers*^  foimd  that  when  the  animal  was  compelled  to  live  in 
deep  water,  the  branohia  were  developed  to  thrice  their  ordinary 
size,  and  the  luDgs  were  partially  atroi>hied.  When,  on  the  other 
hand,  the  animal  was  compelled  to  live  in  shallow  water,  the  lungs 
became  larger  and  more  vascular,  whilst  the  branohin  disappeared 
in  a  more  or  less  complete  degree.  Such  modifications  as  these  are, 
however,  of  comparatively  little  value  for  us,  as  we  do  not  actually 
know  that  they  tend  to  be  inherited. 

In  many  cases  there  is  reason  to  believe  that  the  lessened  use  of 
various  organs  has  affected  the  corresponding  parts  in  the  offspring. 
Bat  there  is  no  good  evidence  that  this  ever  follows  in  the  course 
of  a  single  generation.    It  appears,  as  in  the  case  of  general  or  in- 


'*  Paget,  '  LectttTflt  on  Pathology,*  p.  10)  ft  ourions  ftcconnt  of  the  fttrophy 

vol.  ii.  p.  209.  of  the  limbs  of  rabbits  after  the  de« 

**  MdUer's  *  Phys.,'  Eng.  translat.,  strnction  of  the  nerre. 
pp.   54,  791.    Prof.  Reed  has  given  **  Quoted  by  Lecoq,  in  <  Qtegrapk 

('  Physiological  and  Anat.  Reeearchos,'  Bot.,'  torn,  i.,  1854,  p.  182. 
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definite  variability,  that  seyeral  generations  must  be  subjected  to 
changed  habits  for  anj^  appreciable  result  Our  domestic  fowls, 
ducks,  and  geese  have  almost  lost,  not  only  in  the  individual  but 
in  the  race,  their  power  of  flight ;  for  we  do  not  see  a  young  fowl, 
when  frightened,  take  flight  like  a  young  pheasant  Hence  I  was 
led  carefully  to  compare  the  limb-bones  of  fowls,  ducks,  pigeons, 
and  rabbits,  with  the  same  bones  in  the  wild  parent-species.  As 
the  measurements  and  weights  were  fully  given  in  the  earlier 
chapters  I  need  here  only  recapitulate  the  results.  With  domestic 
])igeons,  the  length  of  the  sternum,  the  prominence  of  its  crest, 
the  length  of  the  scapulie  and  furculum,  the  length  of  the  wings  as 
measured  from  tip  to  tip  of  the  radii,  are  all  reduced  relatively  to  the 
same  parts  in  the  wild  pigeon.  The  wing  and  tail  featliers,  however, 
are  increased  in  length,  but  this  may  have  as  little  connection  with 
the  use  of  the  wings  or  tail,  as  the  lengthened  hair  on  a  dog  >with 
the  amount  of  exercise  which  it  ]ias  habitually  taken.  The  feet  of 
pigeons,  except  in  the  long-beaked  races,  are  reduced  in  size.  With 
fowls  the  crest  of  the  sternum  is  less  prominent,  and  is  often  dis- 
torted or  monstrous ;  the  wing-bones  have  become  lighter  relatively 
to  the  log-bones,  and  are  apparently  a  little  shorter  in  comparison 
with  those  of  the  parent-form,  the  Oallus  bankiva.  With  ducks, 
the  crest  of  the  sternum  is  affected  in  the  same  manner  as  in  the 
foregoing  cases :  the  furculum,  corocoids,  and  scapulie  are  all  reduced 
in  weight  relatively  to  the  whole  skeleton :  the  bones  of  the  wings 
are  shorter  and  lighter,  and  the  bones  of  the  leg^  longer  and  heavier, 
relatively  to  each  other,  and  relatively  to  the  whole  skeleton,  in 
comparison  with  the  same  bones  in  the  wild-duck.  The  decreased 
weight  and  size  of  the  bones,  in  the  foregoing  cases,  is  probably  the 
indirect  result  of  the  reaction  of  the  weakened  muscles  on  the  bones. 
I  failed  to  compare  the  feathers  of  the  wings  of  the  tame  and  wild 
duck;  but  Gloger"  asHcrts  that  in  the  wild  duck  the  tips  of  the 
wing-feathers  reach  almost  to  the  end  of  the  tail,  whilst  in  the 
domestic  duck  they  often  hardly  reach  to  its  base.  Ue  remarks 
also  on  the  greater  thickness  of  the  legs,  and  says  that  the  swimming 
membrane  between  the  toes  is  reduced ;  but  I  was  not  able  to 
detect  this  latter  difference. 

With  the  domesticated  rabbit  the  body,  together  with  the  whole 
skeleton,  is  generally  larger  and  heavier  than  in  the  wild  animal, 
and  the  leg-bones  are  heavier  in  due  proportion ;  but  whatever 
standard  of  comparison  be  taken,  neither  the  leg-bones  nor  the 
BcapuliB  have  increased  in  length  proportionally  with  the  increased 
dimensions  of  tlic  rest  of  the  skeleton.  The  skull  has  become  in  a 
marked  manner  narrower,  and,  from  the  measurements  of  its 
capacity  formerly  given,  we  may  conclude,  that  this  narrowness 
results  from  the  decreased  size  of  the  brain,  consequent  on  the 
mentally  inactive  life  led  by  these  closely-confined  animals. 

We  have  seen  in  the  eighth  chapter  that  silk-moths,  which  have 

•>  <  Das  AbiLnderi  der  V^gel,'  1833,  f.  74. 
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been  kept  dmiDg  many  oentories  closely  confined,  emerge  from  their 
cocoons  with  their  wings  distorted,  incapable  of  flight,  often  greatly 
reduced  in  size,  or  even,  according  to  Quatrefages,  qnite  rudimentary. 
This  condition  of  the  wings  may  be  largely  owing  to  the  same  kind 
of  monstrosity  which  often  affects  wild  jLepidoptera  when  artificially 
reared  from  the  cocoon ;  or  it  may  be  in  pi^  due  to  an  inherent 
tendency,  which  is  common  to  the  females  of  many  Bombycidas,  to 
have  their  wings  in  a  more  or  less  rudimentary  state;  but  part  of 
the  effect  may  be  attributed  to  loiig-eontinued  disuse. 

From  the  foregoing  facts  there  can  be  no  doubt  that  witH 
our  anciently  domesticated  animals,  certain  bones  have  in- 
creased or  decreased  in  size  and  weight  owing  to  increased  or 
decreased  use  ;  but  they  have  not  been  modified,  as  shown  in 
the  earlier  chapters,  in  shape  or  structure.  With  animals 
living  a  free  life  and  occasionally  exposed  to  severe  compe- 
tition the  reduction  would  tend  to  be  greater,  as  it  would  be 
an  advantage  to  them  to  have  the  development  of  every 
superfluous  part  saved.  With  highly-fed  domesticated  animals, 
on  the  other  hand,  there  seems  to  be  no  economy  of  growth, 
nor  any  tendency  to  the  elimination  of  superfluous  details. 
But  to  this  subject  I  shall  recur. 

Turning  now  to  more  general  observations,  Nathusius  has 
shown  that  with  the  improved  races  of  the  pig,  the  shortened 
legs  and  snout,  the  form  of  the  articular  condyles  of  the 
occiput,  and  the  position  of  the  jaws  with  the  upper  canine 
teeth  projecting  in  a  most  anomalous  manner  in  front  of  the 
lower  canines,  may  be  attributed  to  these  parts  not  having 
been  fully  exercised.  For  the  highly-cultivated  races  do  not 
travel  in  search  of  food,  nor  root  up  the  ground  with  their 
ringed  muzzles.**  These  modiflcations  of  structure,  which 
are  all  strictly  inherited,  characterise  several  improved 
breeds,  so  that  they  cannot  have  been  derived  from  any  single 
domestic  stock.  With  respect  to  cattle.  Professor  Tanner  has 
remarked  that  the  lungs  and  liver  in  the  improved  breeds 
*'  are  found  to  be  considerably  reduced  in  size  when  compared 
"  with  those  possessed  by  animals  having  perfect  liberty ;*^ 

**  Nathusius,      '  Die    Raoen    des  Nathusius :  *  D«r  Schidel  des  Ma&ken- 

Schweioes,'  18t>0,  t.  53,  57;   <Vor-  schwetues,' 1870. 

studicn  ....  Schweineachibdel,'  18t(4,  **  'Journal  of  Agriculture  of  High 

1. 103, 130, 133.  Prof.  Lucae  supports  land  Soc.,*  July,  1860,  p.  821. 
and  esiends  the  ooaolasloiia  of  Yon 
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and  the  reduction  of  these  organs  affects  the  general  shape 
of  the  body.  The  cause  of  the  reduced  lungs  in  highly-bred 
animals  which  take  little  exercise  is  obvious;  and  perhaps 
the  liver  may  be  affected  by  the  nutritious  and  artificuil  food 
on  which  they  largely  subsist.  Again,  Dr.  Wilckens  asserts  ^^ 
that  various  parts  of  the  body  certainly  differ  in  Alpine  ar  d 
lowland  breeds  of  several  domesticated  animals,  owing  to 
their  different  habits  of  life  ;  for  instance,  the  nock  and  fore- 
legs in  length,  and  the  hoofs  in  shape. 

It  is  well  known  that,  when  an  artery  is  tied,  the  anastomosing 
branches,  from  being  forced  to  taransmit  more  blood,  increase  in 
diameter:  and  this  increase  cannot  be  accounted  for  bv  mere  exten* 
sion,  as  their  coats  gain  in  strength.  With  respect  to  glands.  Sir 
J.  Paget  observes  that  ''when  one  kidney  is  destroyed  the  other 
"often  becomes  much  larger,  and  does  double  work."**  If  we 
compare  the  size  of  the  udders  and  their  power  of  secretion  in  cows 
whidi  have  been  long  domesticated,  and  in  certain  breeds  of  the  goat 
in  which  the  udders  nearly  touch  the  ground,  with  these  organs  in 
wild  or  halfnlomesticated  animals,  the  difference  is  great  A  good 
cow  with  us  daily  yields  more  than  five  ^Uons,  or  forty  pints  of 
milk,  whilst  a  first-rate  animal,  kept,  for  instance,  by  the  Damaras 
of  South  Africa,"  "rarely  gives  Eoore  than  two  or  three  pints  of  milk 
"  daily,  and,  should  her  calf  be  taken  from  her,  she  absolutely 
**  refuses  to  give  any."  We  may  attribute  the  excellence  of  our 
cows  and  of  certain  goats,  partly  to  the  continued  selection  of  the 
best  milking  animate,  and  partly  to  the  inherited  effects  of  the 
increased  action,  throueh  man's  art,  of  the  secreting  glands. 

It  is  notorious  that  short-sight  is  inherited ;  and  we  haye  seen  in 
the  twelfth  chapter  from  the  statistical  researches  of  M.  Giraud- 
Teulon,  that  the  habit  of  viewing  near  objects  gives  a  tendency  to 
short-sight  Veterinarians  are  unanimous  tliat  horses  are  affected 
with  spavins,  splints,  ringbones,  &o.,  from  being  shod  and  from 
travellmg  on  hard  roads,  and  they  are  almost  equally  unanimous 
that  a  tendency  to  these  malformations  is  transmitted.  Formerly 
horses  were  not  shod  in  North  Carolina,  and  it  has  been  asserted  that 
they  did  not  then  suffer  from  these  diseases  of  the  legs  and  feet" 

Our  domesticated  quadrupeds  are  all  descended,  as  far  as  is 
known,  from  species  having  erect  ears ;  yet  few  kinds  can  be 
named,  of  which  at  least  one  race  has  not  drooping  ears. 

**  *Landwirih.    Wochenblatt,' No.  in  South  America,  Mf  Aag.  St-HiUire, 

1 0.  *  Voyage  dans  la  Province  do  Gojaa,' 

'*  '  Lecture!  on  Surgical  Patbologj,'  torn.  i.  p.  71. 
1858,  Tol.  L  p.  27.  •^  Briclcell't  <Nat.  Hiet.  of  Kortb 

**  AnderMon,    'TraTelf   in    South  Carolina,'  1739,  p.  53. 
Africa,'  p.  318.     For  analogoue  caaet 
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Cats  in  China,  horses  in  parts  of  Bnssia,  sheep  in  Italy  and  else* 
where,  the  guinea-pig  formerly  in  Germany,  goats  and  cattle 
in  India,  rabbits,  pigs,  and  dogs  in  all  long-civilised  conntries 
have  dependent  ears.    With  wild  animals,  which  constantly 
use  their  ears  like  funnels  to  catch  every  passing  sound,  and 
especially  to  ascertain  the  direction  whence  it  comes,  there  is 
not,  as  Mr.  Blyth  has  remarked,  any  species  with  drooping 
ears  except  the  elephant.    Hence  the  incapacity  to  erect  the 
ears  is  certainly  in  some  manner  the  result  of  domestication ; 
and  this  incapacity  has  been  attributed  by  various  authors  ^ 
to  disuse,  for  animals  protected  by  man  are  not  compelled 
habitually  to  use  their  ears.     Col.  Hamilton  Smith'*  states 
that  in  ancient  effigies  of  the  dog,  "  with  the  exception  of  one 
Egyptian  instance,  no  sculpture  of  the  earlier  Grecian  era 
produces  representations  of  hounds  with  completely  drooping 
'*  ears ;  those  with  them  half  pendulous  are  missing  in  the 
most  ancieint ;  and  this  character  increases,  by  degrees,  in 
the  works  of  the  Roman  period.**    Qodron  also  has  remarked 
**  that  the  pigs  of  the  ancient  Egyptians  had  not  their  ears 
*<  enlarged  and  pendent."'®    But  it  is  remarkable  that  the 
drooping  of  the  ear  is  not  accompanied  by  any  decrease  in 
size ;  on  the  contrary,  animals  so  different  as  fancy  rabbits, 
certain  Indian  breeds  of  the  goat,  our.  petted  spaniels,  blood- 
hounds, and  other  dogs,  have  enormously  elongated  ears,  so 
that  it  would  appear  as  if  their  weight  had.  caused  them  io 
droop,  aided  perhaps  by  disuse.    With  rabbits,  the  drooping 
of  the  much  elongated  ears  has  affected  even  the  structure  of 
the  skull. 

The  tail  of  no  wild  animal,  as  remarked  to  me  by  Mr.  Blyth, 
is  curled ;  whereas  pigs  and  some  raoes'of  dogs  have  their  tails 
much  curled.  This  deformity,  therefore,  appears  to  be  the 
result  of  domestication,  but  whether  in  any  way  conneotAd 
with  the  lessened  use  of  the  tail  is  doubtful. 

**  Livijigstone,  quoted  hj  Touatt  *  Jahrbnch  der  deatadieii  Viehincht,* 

on  Sheep,  p.  142.    Hodgson,  in '  Jonr-  186d.  ' 

na]  of  Asiatic  Soa  of  Bengal,'  roL  ztk,  **  *  Naturalist's  Libraxy,'  Dogs,  vuL 

1847,  p.  1C06,  &0.  &c    On  the  other  ii.,  1840,  p.  104. 
hand.  Dr.  Wilckens  argnes  strongly  *•  *  De  I'Esptee,'  torn.  L,  1859,  pk 

acainst  the  belief  that  the  drooping  867. 
of  the  ears  is  the  result  of  disoso  t  ' 
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The  epidermiB  on  our  hands  is  oasilj  thickened,  as  every 
one  knows,  by  hard  work.  In  a  district  of  Ceylon  the  sheep 
have  **  homy  oallosities  that  defend  their  knees,  and  which 
**  arise  from  their  habit  of  kneeling  down  to  crop  the  short 
*'  herbage,  and  this  distinguishes  the  Jafiha  flocks  from  those 
''  of  other  portions  of  the  island ;"  but  it  is  not  stated  whether 
this  peculiarity  is  inherited.^^ 

llie  mucous  membrane  which  lines  the  stomach  is  con- 
tinuous with  the  external  skin  of  the  body ;  therefore  it  is 
not  surprising  that  its  texture  should  be  affected  by  the 
nature  of  the  food  consumed,  but  other  and  more  interesting 
changes  likewise  follow.  Hunter  long  ago  observed  that  the 
muscular  coat  of  the  stomach  of  a  gull  (Lartu  tridaciylus) 
which  had  been  fed  for  a  year  chiefly  on  grain  was  thickened ; 
and,  according  to  Dr.  Edmondston,  a  similar  change  periodi- 
cally occurs  in  the  Shetland  Islands  in  the  stomach  of  the 
Laruu  argeniaiuB,  which  in  the  spring  frequents  the  coin- 
fields  and  feeds  on  the  seed.  The  same  careful  observer  has 
noticed  a  great  change  in  the  stomach  of  a  raven  which  had 
been  long  fed  on  vegetable  food.  Jn  the  case  of  an  owl  (^Sirix 
graUaria),  similarly  treated,  Menetries  states  that  the  form  of 
the  stomach  was  changed,  the  inner  coat  became  leathery* 
and  the  liver  increased  in  size.  Whether  these  modifications 
in  the  digestive  organs  would  in  the  course  of  generations 
become  inherited  is  not  known.'^ 

The  increased  or  diminished  length  of  the  intestines,  which 
apparently  results  from  changed  diet,  is  a  more  remarkable 
case,  because  it  is  characteristic  of  certain  animals  in  their 
domesticated  condition,  and  therefore  must  be  inherited. 
The  complex  absorbent  system,  the  blood-vessels,  nerves,  and 
muscles,  are  necessarily  all  modified  together  with  the 
intestines.  According  to  Daubenton,  the  intestines  of  the 
domestic  cat  are  one-third  longer  than  those  of  the  wild  cat 
of  Europe ;  and  although  this  species  is  not  the  parent-stock 
of  the  domestic  animal,  yet,  as  Isidore  Qeoffroj  has  remarked, 

**  *  Ceylon,'  bj  Sir  J.  £.  Tennent,  in  quoted  in  MaegilHynT's  <  British 
1859,  Tol.  ii.  p.  531.  Birds,'  toI.  r.  p.  550:  Menetries,  as 

**  For  the  foregoing  statements,  tee      quoted  in  Bronn's  '  Geschichte  der 


Hunter's  *  Essays  and  Obsenrations,'       Natur,'  B.  ii.  s.  110. 
1861,  rol.  ii.  p.  329;  Dr.  Edmondston, 
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the  seYeral  species  of  cats  are  so  closely  allied  that  the 
oomparison  is  probably  a  fair  one.  The  increased  length 
appears  to  be  dae  to  the  domestic  cat  being  less  strictly  car- 
nivorous in  its  diet  than  any  wild  feline  species ;  for  instance, 
I  haye  seen  a  French  kitten  eating  vegetables  as  readily  as 
meat.  According  to  Cuvior,  the  intestines  of  the  domesticated 
pig  exceed  greatly  in  proportionate  length  those  of  the  \nld 
boar.  In  the  tame  and  wild  rabbit  the  change  is  of  an 
opposite  nature,  and  probably  results  from  the  nutritious  food 
given  to  the  tame  rabbit.^ 

Changed  and  inktrited  Habits  of  Life, — This  subject,  as  far  as 
the  mental  powers  of  animals  are  concerned,  so  blends  into 
instinct,  that  1  will  hero  only  remind  the  reader  of  such  cases 
jas  the  tameness  of  our  domesticated  animals— the  poining  or 
retrieving  of  dogs — their  not  attacking  the  smaller  animals 
kept  by  man — and  so  forth.  How  much  of  these  changes 
ought  to  be  atti'ibuted  to  more  habit,  and  how  much  to  the 
selection  of  individuals  which  have  varied  in  the  desired 
manner,  irrespectively  of  the  special  circumstances  under 
which  they  have  been  kept,  can  seldom  be  told. 

We  have  already  seen  that  animals  may  be  habituated  to 
a  changed  diet ;  but  some  additional  instances  may  be  given. 
In  the  Polynesian  Islands  and  in  China  the  dog  is  fed  exclu- 
sively on  vegetable  matter,  and  the  taste  for  this  kind  of  food 
is  to  a  certain  extent  inherited.^  Our  sporting  dogs  will  not 
touch  the  bones  of  game  birds,  whilst  most  other  dogs  devour 
them  with  greediness.  In  some  parts  of  the  world  sheep  have 
been  largely  fed  on  fish.  1  he  domestic  hog  is  fond  of  barley, 
the  wild  boar  is  said  to  disdain  it ;  and  the  disdain  is  partially 
inherited,  for  some  young  wild  pigs  bred  in  captivity  showed 
an  aversion  for  this  grain,  whilst  others  of  the  fame  brood 
relished  it.^'  One  of  my  relations  bred  some  young  pigs 
from  a  Chinese  sow  by  a  wild  Alpine  boar ;  they  lived  free 
in  the  park,  and  were  so  tame  that  they  came  to  the  house  to 

**  These  statemenU  on  the  inteetincs  borne,*  1825,  toI.  i{.  p.  121. 
Hre  taken  from  leidore  Qeoffroy  Saint-  ■*  Dardach,  <  Traits  de  Phji.,'  toro. 

Ililaire,  *  Hiit.  Mat.  G^n.,'  torn.  iiL  pp.  ii.  p.  267,  as  quoted  br  Dr.  P.  Lncas 

437,  441.  *  VHirid.  Nat.,'  torn.  L  p.  888. 

M  Gilbert  White   <  .Vat.  Hist  Sel- 
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be  fed ;  but  the j  would  not  toncli  swill,  whioh  was  devonred 
by  the  other  pigs.  An  animal  when  once  aoonstomed  to  an 
nnnatural  diet,  which  can  generally  be  e£feoted  only  during 
youth,  dislikes  its  proper  food,  as  Spallanzani  found  to  be 
the  case  with  a  pigeon  which  had  been  long  fed  on  meat. 
Individuals  of  the  same  species  take  to  new  food  with  different 
degrees  of  readiness ;  one  horse,  it  is  stated,  soon  learned  to 
eat  meat,  whilst  another  would  have  perished  from  hunger 
rather  than  have  partal^en  of  it.^*  The  caterpillars  of  the 
Bomhyx  hespertis  feed  in  a  state  of  nature  on  the  leaves  of  the 
Ca/i  didble^  but,  after  having  been  reared  on  the  Ailanthus, 
they  would  not  touch  the  Cafi  dtable,  and  actually''  died  of 
hunger.*^ 

It  has  been  found  possible  to  accustom  marine  fish  to  live 
in  fresh  water ;  but  as  such  changes  in  fish  and  other  marine 
animals  have  been  chiefly  observed  in  a  state  of  nature,  they 
do  not  properly  belong  to  our  present  subject.  The  period 
of  gestation  and  of  maturity,  as  hIiowu  in  the  earlier  chapters, 
— the  season  and  the  frequency  of  the  act  of  brooding, — have 
all  been  greatly  modified  under  domestication.  With  the 
Egyptian  goose  the  rate  of  change  with  respect  to  the  season 
has  been  recorded.'*  The  wild  drake  pairs  with  one  female, 
the  domestic  drake  is  polygamous.  Certain  breeds  of  fowls 
have  lost  the  habit  of  incubation.  The  paces  of  the  horse, 
and  the  manner  of  flight  of  certain  breeds  of  the  pigeon, 
have  been  modified  and  are  inherited.  Cattle,  horses,  and 
pigs  have  learnt  to  browse  under  water  in  the  St.  John's  River, 
East  Florida,  where  the  Yallisneria  has  been  largely  natural- 
ised, llie  cows  were  observed  by  Prof.  Wyman  to  keep  their 
heads  immersed  for  *'  a  period  varying  from  fifteen  to  thirty- 
five  seconds.'*'*  The  voice  differs  much  in  certain  kinds  of 
fowls  and  pigeons.  Some  varieties  are  clamorous  and  others 
silent,  as  the  Call  and  common  duck,  or  the  Spitz  and  pointer 
dog.    Every  one  knows  how  the  breeds  of  the  dog  differ  fi*otn 

**  Thii  and  MY«nl  oth«r  caiai  tra  563. 

giren  hj  Colin,  •  Phjrsiologie  Comp.  *•  Qaatrefaget,  <  UniU  da  TEspk^ 

daa  Animaux  0om.,'  1854,  torn.  L  p.  Hnmaine,'  1861,  p.  79. 

426.  **  '  Tha  Amarican  Niiiaraliat,'  A^ 

•f  M.  Hichaly  da  Gajenna,  In '  Bull.  1874,  p.  237. 
8oc.  d'AccHmat.,'  torn.  Tiii.,  1861,  p. 
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one  another  in  their  manner  of  hunting,  and  in  their  ardour 
after  different  kinds  of  game  or  Yermin. 

With  plants  the  period  of  vegetation  is  easily  changed  and 
is  inherited,  as  in  the  case  of  snmmer  and  winter  wheat, 
barley,  and  vetches ;  but  to  this  subject  we  shall  immediately 
return  under  acclimatisation.  Annual  plants  sometimes 
become  perennial  under  a  new  dimate,  as  I  hear  from  Dr. 
Hooker  is  the  case  with  the  stock  and  mignonette  in  Tasmania. 
On  the  other  hand,  perennials  sometimes  become  annuals,  as 
with  the  Bicinus  in  England,  and  as,  according  to  Captain 
Mangles,  with  many  varieties  of  the  heartsease.  Yon  Berg  ^® 
raised  from  seed  of  Verhaseum  phcBniceum^  which  is  usually  a 
biennial,  both  annual  and  perennial  varieties.  Some  de- 
ciduous bushes  become  evergreen  in  hot  countries.^^  Bice 
requires  much  water,  but  there  is  one  variety  in  India  which 
can  be  grown  without  irrigation.^'  Certain  varieties  of  the 
oat  and  of  our  other  cereals  are  best  fitted  for  certain  soils.^^ 
Endless  similar  facts  could  be  given  in  the  animal  and  vege- 
table kingdoms.  They  are  noticed  here  because  they  illustrate 
analogous  differences  in  closely  allied  natural  species,  and 
l)ccause  such  changed  habits  of  life,  whether  due  to  habit,  or 
to  the  direct  action  of  external  conditions,  or  to  so-called  spon- 
taneous variability,  would  be  apt  to  lead  to  modifications  of 
structure. 

*  •  ■ 

Acdimatitation.  —  From  the  previous  remarks  we  are 
naturally  led  to  the  much  disputed  subject  of  acclimatisation. 
There  are  two  distinct  questions :  Do  varieties  descended  from 
the  same  species  differ  in  their  power  of  living  under  different 
climates  ?  And  secondly,  if  they  so  differ,  how  have  they 
become  thus  adapted  ?  We  have  seen  that  European  dogs  do 
not  succeed  well  in  India,  and  it  is  asserted,^^  that  no  one  has 
there  succeeded  in  keeping  the  Newfoundland  long  alive ;  but 
then  it  may  be  argued,  and  probably  with  truth,  that  these 

*•  *  Flora,'  1835,  B.  ii.  p.  ."^Oi.  *•  <  Gardener's    Chronicle,'    185<\ 

«>  Alph.  de  Candolle,  <  Q^graph.  pp.  204,  219. 

Bot.,'  torn.  IL  p.  1078.  **  Rer.  R.  Erereet,  '  Journal  Aa 

**  Royle,    '  Illustrationf    of    the  Soo.  of  Bengal,' toI  Ui.  p.  19. 
Botany  of  the  Himalaya,*  p.  19. 
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northern  breeds  are  speoifioally  distinct  from  the  native  dogs 
which  flonrifih  in  India.  The  same  remark  may  be  made  with 
respect  to  different  breeds  of  sheep,  of  which,-  according  to 
Yunatt,^'  not  one  brought  *'  from  a  torrid  climate  lasts  out 
"  the  second  year,"  in  the  Zoological  Gkurdens.  But  sheep 
are  capableof  some  degree  of  acclimatisation,  for  Merino  sheep 
bred  at  the  Gape  of  Good  Hope  have  been  fonnd  far  better 
adapted  for  India  than  those  imported  from  England.^*  It  is 
almost  cei'tain  that  all  the  breeds  of  the  fowl  are  descended 
from  one  species ;  but  the  Spanish  breed,  which  there  is  good 
reason  to  believe  originated  near  the  Mediterranean,^^  though 
s«)  fine  and  vigorous  in  England,  suffers  more  from  frost  than 
any  other  breed.  The  Arrindy  silk  moth  introduced  from 
Bengal,  and  the  Ailanthus  moth  from  the  temperate  province 
of  Shan  Tung,  in  China,  belong  to  the  same  species,  as  we 
may  infer  from  their  identity  in  the  caterpillar,  cocoon,  and 
mature  states;^*  yet  they  differ  much  in  constitution:  the 
Indian  form  "  will  flourish  only  in  waim  latitudes,"  the  other 
is  quite  hardy  and  withstands  cold  and  rain. 

Plants  are  more  strictly  adapted  to  climate  than  are  animals.  The 
latter  when  domesticated  withstand  such  great  diversities  of  climate, 
that  we  find  nearly  the  same  species  in  tropical  and  temperate 
countries ;  whilst  the  cultivated  plants  are  widely  dissimiliur.  Hence 
a  larger  field  is  open  for  inquiry  in  regard  to  tiie  acclimatiiBation  of 
plants  than  of  animals.  It  is  no  exaggeration  to  sa;ir  that  with  almost 
every  plant  which  has  long  been  cultivated,  varieties  exist  which 
are  endowed  with  constitutions  fitted  for  very  different  climates ;  I 
will  select  only  a  few  of  the  more  striking  cases,  as  it  would  be 
tedious  to  give  all.  In  North  America  numerous  fruit-trees  have 
been  raised,  and  in  horticultural  publications, — ^for  instance,  in  that 
by  Downing, — lists  are  given  of  the  varieties  which  are  best  able  to 
withstand  the  severe  climate  of  the  northern  States  and  Canada. 
Many  American  varieties  of  the  pear,  plum,  and  peach  are  excellent 
in  their  own  country,  but  until  recently,  hardly  one  was  known  that 
succeeded  in  England;  and  with  apples,*'  not  one  succeeds.  Though 
the  American  varieties  can  withstand  a  severer  winter  than  ours,  the 


**  Yonatt  on  Sheep,  1838,  p.  491.  manicatad   to  Bot  Soc.   of  Canada, 

«*Royle,<  Prod.  Keiources  of  India,'  quoted  in  the  *  Reader,'   1863,  Nov 

p.  153.  L3th. 

«Y   Tegetmeier,     *  Poultry     Book,'  «•  See  remarki  by  Editor  in  *  (lard 

1866,  \u  102.  Chronicle,'  1848,  p.  5. 

^  Dr.  R.  Patenon,  in  a  paper  com- 
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Bummer  here  is  not  hot  onoagh.  Fruit-trees  have  also  originated 
in  Europe  with  different  constitutions,  bnt  they  are  not  much 
noticed,  because  nurserymen  here  do  not  supply  wide  areas.  The 
Forelle  pear  flowers  early,  and  when  the  flowers  have  just  set,  and 
this  is  the  critical  period,  they  have  been  observed,  both  in  France 
and  England,  to  withstand  with  complete  impunity  a  frost  of  18^ 
and  even  14**  Fahr.,  which  killed  the  flowers,  whether  fully  expanded 
or  in  bud,  of  all  other  kinds  of  pears.'^  This  power  in  the  flower  of 
resisting  cold  and  afterwards  producing  fruit  does  not  invariably 
depend,  as  we  know  on  good  authority,^  on  general  constitutional 
vigour.  In  proceeding  northward,  the  number  of  varieties  which 
are  found  capable  of  resisting  the  climate  rapidly  decreases,  as  may 
be  seen  in  the  list  of  the  varieties  of  the  cherry,  apple,  and  near, 
which  can  be  cultivated  in  the  neighbourhood  of  Stockholm.^  Near 
Moscow,  Prince  Troubetzkoy  planted  for  experiment  in  tbe  open 
ground  several  varieties  of  the  pear,  but  one  alone,  the  Porrt  aaw 
FepinSf  wiUistood  the  cold  of  winter.'*  We  thus  see  that  our  fruit- 
trees,  like  distinct  species  of  the  same  genus,  certainly  differ  from 
each  other  in  their  constitutional  adaptation  to  different  climates. 

With  the  varieties  of  many  plants,  the  adaptation  to  climate  is 
often  very  dose.  Thus  it  has  been  proved  by  repeated  trials  "  that 
"  few  if  any  of  the  English  varieties  of  wheat  are  adapted  for  culti- 
"  vation  in  Scotland ; "  ^  but  the  failure  in  this  cam  is  at  first  only 
in  the  quantity,  though  ultimately  in  the  quality,  of  the  grain 
produced.  The  Bev.  M.  J.  Berkeley  sowed  wheat-seed  firom  Ladia, 
and  got "  the  most  meagre  ears,*'  on  land  which  would  certainly 
liave  yielded  a  good  crop  from  English  wheat**  In  tliese  cases 
varieties  have  been  carried  from  a  warmer  to  a  cooler  climate;  in 
the  reverse  case,  as  "  when  wheat  was  imported  directly  from  France 
"  into  the  West  Indian  Islands,  it  produced  either  wholly  barren 
"  spikes  or  furnished  with  only  two  or  three  miserable  seeds,  while 
"  West  Indian  seed  by  its  side  yielded  an  enormous  harvest."" 
Here  is  another  case  of  close  adaptation  to  a  slightly  cooler  climate ; 
a  kind  of  wheat  which  in  England  may  be  usecT  indifferently  either 
as  a  winter  or  summer  variety,  when  sown  under  the  warmer 
climate  of  Grignan,  in  France,  behaved  exactly  as  if  it  had  been  a 
true  winter  wheat*' 

Botanists  bolievo  that  all  the  varieties  of  maize  belong  to  the 

same  species ;  and  we  have  seen  that  in  North  America,  in  proceed- 

'  ing  northward,  the  varieties  cultivated  in  each  zone  produce  their 

*•  '  Gaid.  Chronicle,'  18G0,  p.  938.  p.  7. 
Remarks  hj   Editor   and   qnotation  **  'Qard.  Chronicle,' 1851,  p.  39G. 

from  Decaisne.  **  Ihid.,  1862,  p.  235. 

*>  J.  de  Jonghe,  of  BrneseU,  in  **  On    the    authority    of    Labat, 

•Card.  Chronicle,' 1857,  p.  612.  '  quoted  in  <Gard.  Chron.,'  1862,  p. 

M  Ch.  Martina,  <  Voyage  Bot.  C6tee  235. 
Sept.  de  la  Norr^e,'  p.  26.  •'  HM.Edwarde  and  Colin,  *  Annal. 

**  *  Journal  de  I'Acad.  Hort   de  dee  Sc.  Nat.,'  2nd  leriee,  Bot;,  torn.  v. 

Gand,'  quoted  in  *  Gard.  Chron.,'  1859,  p.  22. 
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flowers  and  ripon  their  seed  within  shorter  and  shorter  perioda  So 
that  the  tall,  slowlv  maturing  southern  varieties  do  not  succeed  in 
New  England,  and  .the  New  English  yarieties  do  not  succeed  in 
Canada.  I  have  not  met  with  any  statement  that  the  southern 
yarietiefl  are  actually  injured  or  killed  by  a  degree  of  cold  which  the 
northern  variotieB  can  withstand  with  impunity,  tiiough  tliis  is 
probable ;  but  the  production  of  early  flowering  and  early  seeding 
varieties  deserves  to  be  considered  as  one  form  of  acclimatisation. 
Hence  it  has  been  found  possible,  according  to  Ejftlm,  to  cultivate 
maize  further  and  further  northwards  in  America.  In  Europe,  also, 
as  we  learn  from  the  evidence  ^ven  by  Alph.  de  Oftndolle,  the 
culture  of  maize  has  extended  since  the  end  of  the  last  century 
thirty  leagues  north  of  its  former  boundary."  On  the  authority  of 
Linnaeus,^  I  may  quote  an  analogous  case,  namely,  that  in  Sweden 
tobacco  raised  firom  home-^wn  seed  ripens  its  seed  a  month 
sooner  and  is  less  liable  to  miscarry  than  plants  raised  from  foreign 
seed. 

With  the  Vine,  differently  from  the  maize,  the  line  of  practical 
culture  has  retreated  a  little  southward  since  the  middle  ages;*'  but 
this  seems  due  to  commerce  being  now  easier,  so  that  it  is  better  to 
import  wine  fhnn  the  south  than  to  make  it  in  northern  districts. 
Nevertheless  the  &ct  of  the  vine  not  having  spread  northward  shows 
that  acclimatisation  has  made  no  progress  during  several  centuries. 
There  is,  however,  a  marked  di£rerence  in  the  donstitution  of  the 
several  varieties, — ^some  being  hardy,  whilst  others,  like  the  muscat 
of  Alexandria,  require  a  very  high  temperature  to  come  to  perfection. 
According  to  Labat,^  vines  taken  from  France  to  the  West  Indies 
succeed  with  extreme  difficulty,  whilst  those  imported  from  Madeira 
or  the  Canary  Islands  thrive  admirably. 

GalleBio^ves  a  curious  account  of  the  naturalisation  of  the  Orange 
in  Ital^.  During  many  centuries  the  sweet  orange  was  propagated 
exclusively  by  grafts,  and  so  often  suffered  from  froeta,  that  it  re- 
quired protection.  After  the  severe  frost  of  1709.  and  more  especially 
after  that  of  1768,  so  many  trees  were  destroyed,  that  seedlings  from 
the  sweet  orange  were  raised,  and,  to  the  surprise  of  the  inhabitants, 
their  fruit  was  found  to  be  sweet.  The  trees  thus  raised  were  larger, 
more  productive,  and  hardier  than  the  old  kinds;  and  seedlings  are 
now  continually  raised.  Hence  Gallesio  concludes  that  much  more 
was  effected  for  the  naturalisation  of  the  orange  in  Italy  by  the  . 
accidental  production  of  new  kinds  during  a  period  of  about  sixty 
years,  than  nad  been  effected  by  grafting  old  varieties  during  many 
ages.**    I  mtiy  add  that  Bisso**  describes  some  Portuguese  varieties 

*•  « Qtegraph.  Bot.,'  p.  337.  p.  339. 

»  *  Swedish  Acte,'  Eng.  truDslat.,  •>  'Gard.  Chronicle,'  1S62,  p  235. 

1739-40,  roLLKalm,  in  his*  TrtYels,*  •*  Qallesio,   <Teom  della    Rlpro- 

Tol.  il.  p.  166,  gives  an  analogous  duslone  Veg,'   1816,  p.   125;    and 

ease  with  ootton-planU  raised  In  New  'TraiU  da  Citrns,'  1811,  p.  359. 
Jersey  from  Carolina  seed.  *'  *  Essal  sur  I'Hist.  des  Grangers,' 

••  De  Candolle,  'Q^graph.   Hot./  1813,  p.  20,  ke. 
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of  the  orange  as  extremely  fleoaitiTB  to  cold,  and  as  much  tenderoi 
than  certain  other  yarieties. 

The  peach  was  known  to  Theophrastos,  822  b.0.**  According  to 
the  authorities  quoted  by  Dr.  F.  Bolle,*"  it  was  tender  when  first 
introduced  into  Gretsce,  and  ctca  in  the  island  of  Bhodes  only 
occasionaUy  bore  fruit.  If  this  be  correct,  the  peach,  in  spreading 
during  tlie  last  two  thousand  years  OTer  the  middle  parts  of  Europe, 
must  have  become  much  hardier.  At  the  present  day  different 
▼arieties  differ  much  in  hardiness:  some  French  varieties  will  not 
succeed  in  England ;  and  near  Paris,  the  Pavis  de  Bonneuil  does  not 
ripen  its  fruit  till  very  late  in  the  season,  eyen  when  grown  on  a 
wall ;  "  it  is,  therefore,  only  fit  for  a  yery  hot  southern  dimate.''  ^ 

I  will  briefly  give  a  few  other  cases.  A  variety  of  MagnUia ' 
grandiflora^  nusea  by  K.  Bov,  withstands  a  temperature  several 
degrees  lower  than  that  which  any  other  variety  can  resist.  "With 
camellias  there  is  much  difference  in  hardiness.  One  particular 
variety  of  the  Noisette  rose  withstood  the  severe  frost  of  1860  "  un- 
**  toudied  and  hale  amidst  a  universal  destruction  of  other  Noisettes." 
In  New  York  the  ^  Iridi  yew  is  quite  hardy,  but  the  common  yew 
**  is  liable  to  be  cut  down."  I  may  add  that  there  are  varieties  of 
the  sweet  potato  (Convolimlus  batatas)  which  are  suited  for  warmer, 
as  well  as  for  colaer,  climates.^ 

The  plants  as  yet  mentioned  have  been  found  capable  of 
resisting  an  unusual  degree  of  oold  or  heat,  vrben  fully  grown. 
The  following  cases  refer  to  plants  whilst  young.  In  a  large 
bed  of  young  Araucarias  of  the  same  age,  growing  dose  to- 
gether and  equally  exposed,  it  was  observed,*^  after  the 
unusually  severe  winter  of  1860-61,  that,  "in  the  midst  of 
**  tho  dying,  numerous  individualB  remained  on  which  the 
**  frost  had  absolutely  made  no  kind  of  impression."  Dr. 
Lindley,  after  alluding  to  this  and  other  similar,  cases, 
remarks,  "Among  the  lessons  which  the  late  formidable 
"  winter  has  taught  us,  is  that,  even  in  their  power  of 
"  resisting  oold,  individuals  of  the  same  species  of  plants  are 
'*  remarkably  different."  Near  Salisbury,  there  was  a  sharp 
frost  on  the  night  of  May  24th,   1836,  and  all  the  French 

**  Alph.   de  Condolle,  'G^gi-aph.  For  camellias  and   rcwes,  see  'Oanl. 

Bot./  p.  882.  Chron./  18H0,  p.  384.     For  the  yew, 

**  'Ch.   Darwia's    Lehre  von    der  *  Journal  of  Uort.,'  March  8rd,  180. (, 

Entstehiing/  &o.,  1862,  s.  87.  p  174.     For  sweet  potatoes,  see  CoJ. 

-  Pecaisne,  quoted  in  *  Qard.  Chro-  yon  Siobold,  In  *Gard.  Chron.,'  1856, 

nicle,'  1865,  p.  271.  p.  82i. 

•'  For  the  magnolia,  see  Lovdop's  **  The  EkIitor,<Oard. Chron.,' IStft 

*Qard.  Mag.,'  vol.  ziii.,  18H7,   p.  2U  p.  289. 
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beans  (Pha$eolui  tnilgarU)  in  a  bed  were  killed  except  about 
one  in  thirty,  which  completely  escaped.**  On  the  same  day  of 
the  month,  but  in  the  year  1864,  there  was  a  severe  frost  in 
Kent,  and  two  rows  of  scarlet-runners  (P.  muUiflania)  in  mj 
garden,  containing  890  plants  of  the  same  age  and  equally 
exposed,  were  all  blackened  and  killed  except  about  a  dozen 
plants.  In  an  adjoining  row  of  '*  Fnlmer's  dwarf  bean" 
(P.  fndgariB\  one  single  plant  escaped. .  A  still  more  severe 
frost  occurred  four  days  afterwards,  and  of  tho  dozen  plants 
which  had  previously  escaped  only  thi*oe  survived;  these 
were  not  taller  or  more  vigorous  than  the  other  young  plants, 
but  thoy  escaped  completely,  with  not  even  the  tips  of  their 
leaves  browned.  It  was  impossible  to  behold  these  three 
plants,  with  their  blackened,  withered,  and  dead  brethren  all 
around,  and  not  see  at  a  glance  that  they  differed  widely  in 
constitutional  power  of  resisting  frost. 

This  work  is  not  the  proper  place  to  show  that  wild  plnnts 
of  the  same  species,  naturally  growing  at  different  altitudes 
or  under  different  latitudes,  become  to  a  ceiiain  extent  aocli- 
matised,  as  is  proved  by  the  different  behaviour  of  their  seed- 
lings when  raised  in  another  country.  In  my  *  Origin  of 
Species '  I  have  alluded  to  some  cases,  and  I  could  add  many 
others.  One  instance  must  suffice :  Mr.  G  rigor,  of  Forres,^* 
states  that  seedlings  of  the  Scotch  fir  (Pinnt  tyhe$tri$)y  raised 
from  seed  from  the  Continent  and  from  tlie  forests  of  Scotland^ 
differ  much.  '*  The  difference  is  perceptible  in  one-year-old, 
"  and  more  so  in  two-year-old  seedlings ;  but  the  effects  of 
the  winter  on  the  second  year's  growth  almost  uniformly 
make  those  from  the  Continent  quite  brewn,  and  so  damaged, 
**  that  by  the  month  of  March  they  are  quite  unsaleable, 
"  while  the  plants  from  the  native  Scotch  pine,  under  the 
**  same  treatment,  and  standing  alongside,  although  consider- 
'*  ably  shorter,  are  rather  stouter  and  qYiite  green,  so  that  tho 

**  Londoa'fl  *  Oard.  Mag./ vol.  xii.,  plnnU,      which     h«     cultivated     in 

1836,  p.  378.  bnxlan:!    alung«id«   «pvciinen4    fVum 

'*  *Qardeuer'«  Chron./ 1865, jp.  699.  Dortheru   ditftriota;  and    he  found  h 

Mr.  G.  Maw  girei  (*Qard.   Chron.'  great   difference   not  only   in    their 

1870,  p.  895)  a  number  of  itriking.  hardiness  during  the  winter,  but  li» 

caii#^ ;  he  brought  home  from  soath-  the    behaviour    of   some    of    them 

ern  Spain  and  northorn  Africa  several  during  the  summer. 
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*'  bods  of  tho  one  can  be  known  from  tho  other  when  seen 
**  from  tho  clistanoo  of  a  mile."  Closely  similar  facts  have  been 
observed  with  seedling  hurohes.       . 

Hardy  varieties  would  alone  bo  valued  or  noticed  in  Europe ; 
whilst  tender  Tariclios,  ixsquiring  more  warmth,  would  gcneiully  be 
neglected ;  but  such  occasionally  arise.  Thus  Loudon  ^^  doscnbqB  a 
Coruish  variety  of  the  elm  which  is  almost  an  eveiigreen,  and  of 
wliich  the  shoots  are  often  killed  by  the  autumnal  frosts,  so  tliat  its 
timber  is  of  little  value.  Horticulturists  know  that  some  varieties 
fire  much  more  tender  than  others:  thus  all  the  varieties  of  the 
broccoli  are  more  tendei*  than  cablwges ;  but  there  is  much  di£ference 
in  this  resncct  in  the  sub-varieties  of  tho  broccoli;  the  pink  and 
purple  kiuus  are  a  little  hardier  Uian  the  white  Cape  broccoli, "  but 
"  they  are  not  to  Ix)  depended  on  after  the  thermometer  falls  below 
"  24^  Fahr. ;"  the  Walchei-on  broccoli  w  less  tender  than  the  Gipe, 
and  there  are  several  varieties  wliich  will  stand  much  severer  cold 
than  the  Walcheren."  diuUnowers  seed  more  freely  in  India  than 
cabljogos.^  To  give  one  instance  with  flowers :  eleven  plants  raised 
from  a  hollyhock,  called  the  (^tteen  of  the  WhUt»P*  were  found  to  lie 
much  more  tender  than  various  other  seedlings.  It  may  lx>  pror 
eumed  that  all  tender  varieties  would  succeed  better  under  a  climate 
warmer  than  ours.  With  fruit-trees,  it  is  well  known  that  certain 
varieties,  for  instance  of  the  peach,  stand  forcing  in  a  liot-house 
better  than  others ;  and  this  shows  either  pliability  of  organisation 
or  some  constitutional  difTerencc.  The  same  individual  chorry-ti'ce, 
when  forced,  has  Ikcu  ol«erved  during  successive  years  gradually  to 
change  its  period  of  vegetation.''^  Few  pelargoniuuis  can  resist  the 
lusat  of  a  stove,  but  Alba  Mtdtiftoi'n  will,  as  a  most  skilful  gaixlener 
asserts,  *'  stand  pine-apple  top  and  lx>ttom  heat  the  whole  winter, 
"  without  looking  any  more  drawn  tlian  if  it  had  stood  in  a  common 
"  grcenhonse ;  and  MancJte  FUur  eecms  as  if  it  had  lieen  made  on 
"  purijoso  for  growing  in  winter,  like  many  buUis,  and  to  rest  all 
''  summer.''^''  There  can  hai'dly  be  a  doubt  that  the  Alba  Muftijfom 
pelargonium  must  have  a  widely  different  constitution  from  that  of 
most  other  varieties  of  this  plant;  it  would  probably  withstand  even 
an  equatorial  climate. 

\Ye  have  seen  that  according  to  Labat  the  vine  and  wheat  require 
acclimatisation  in  order  to  succeed  in  the  West  Indies.  Similar 
facts  have  been  observed  at  Madras :  "  two  parcels  of  mignonette- 


'*  *  Arboretum  c4  rruticctuin,' vol.  ^*  'Gnrdcncr'n  Gironicle,'  1841,  p. 

lii.  ^  137S.  201. 

.**    llr.    RobAon.    in    'JonmAl    of  '*  Mr.  Benton,  in  'Cottage  Gnr- 

Ilorticulturo,'  18iU,  p.  23.  dcncr/  Mnrch   L'tHh,  18>$0,   p.  877. 

'*    Dr.  Bonaria,  '  Hcimrt  of  the  Queen  Mnb  will  aim  xinml  stove  heat. 

Afnri.-Hort.  Soc  of  Ouilh/  1860.  Sat  •Ganlcncr'a  Chronicle,*  1$45,  p 

'4  '  Cottige  Gardener/  18S0,  April  220. 
24th«  p.  57. 
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"seed, one  direct  from  Enropef  the  other  sayod  at  Bangalore  (of 
"  which  the  mean  temperature  is  much  below  that  of  Miidras),  were 
"flown  at  the  Mime  time:  they  both  vegetated  equally  favourably, 
"  but  the  former  all  died  off  a  few  days  after  they  appeared  above 
"  ground ;  the  latter  still  survive,  and  are  vigorous,  healti)y  plants." 
"  So  again,  turnip  and  carrot  seed  saved  at  Hyderaliod  are  found  to 
answer  liotter  at  Madras  than  seed  from  Europe  or  from  the  Cape 
of  Good  Uopo."^  Mr.  J.  Scott  of  the  Calcutta  Botanic  Gardens, 
informs  mo  that  seeds  of  the  sweet-pea  (Lathynu  odoraiuM)  imported 
from  England  produce  plants,  with  thick,  rigid  stems  and  small 
leaves,  which  rarely  blossom  and  never  yield  seed ;  plants  raised  from 
Fi-onch  seed  blossom  sparingly,  but  all  the  flowers  are  sterile;  on 
the  other  hand,  plants  mised  from  sweet-peas  grown  near  Darjeeling 
in  Upper  India,  but  originally  derived  from  England,  can  be  suc- 
cessfully cultivated  on  the  plains  of  India;  for  they  flower  and  seed 
profusely,  and  their  stems  are  lax  and  scandent.  In  some  of  the 
foregoing  cases,  as  Dr.  Hooker  has  remarked  to  me,  the  greater 
success  may  perhaps  be  attributed  to  the  seeds  having -been  more 
fully  ripon^  under  a  more  favourable  climate ;  but  this  view  can 
hardly  be  extended  to  so  many  cases,  including  plants,  which,  from 
being  cultivated  under  a  climate  hotter  than  their  native  one, 
become  fitted  for  a  still  hotter  climate.  We  may  therefore  safely 
opnchide  that  plants  can  to  a  certain  extent  become  accustomed  to 
a  climate  either  hotter  or  colder  tlian  their  own ;  although  the  latter 
coses  have  been  more  frequently  observed. 

Wo  will  now  consider  tho  moans  by  'which  acclimatisation 
may  bo  offected,  namely,  through  tho  appearance  of  varieties 
having  a  difTcrent  constitution,  and  through  tho  ofTocts  of 
habit.  In  regard  to  now  varieties,  thoro  is  no  ovidenco  that 
a  chango  in  tho  constitution  of  tho  ofGiipring  ncoossarily  stands 
in  any  dii-oot  relation  with  tho  nature  of  tho  climato  inhabited 
by  tho  pai^ents.  On  the  contrary,  it  is  certain  that  hardy 
and  tender  varieties  of  the  same  species  appear  in  the  eaino 
country.  Now  varieties  thus  spontaneously  arising  becomo 
fitted  to  slightly  different  climates  in  two  different  ways  ; 
firstly,  they  may  havo  the  power,  either  as  seedlings  or  when 
full-grown,  of  resisting  intense  cold,  as  with  tho  Moscow 
pear,  or  of  resisting  intense  heat,  as  with  some  kinds  of 
Pelargonium,  or  the  flowers  may  withstand  severa  frost,  as 
with  the  Forelle  pear.  Secondly,  plants  may  booomo  adapted 
to  climates  widely  different  from  their  own,  from  flowering 
and  fruiting  either  earlier  or  later  in  the  season.     In  lx)tb 

w  «Gardcser'i  Chronicle,*  1841,  p.  430. 


Chap.  XXIV.  ACCLIMATISATION.  3U3 

thcue  cases  the  power  of  acdimatisation  by  man  consists 
simply  in  the  selection  and  preservation  of  new  varieties. 
But  without  any  direct  intention  on  his  pai*t  of  securing 
a  hardier  variety,  acclimatisation  may  bo  unconsciously 
effected  by  merely  raising  tender  plants  from  seed,  and  by 
occasionally  attempting  their  cultivation  further  and  further 
northwards,  as  in  the  case  of  maize,  the  orange  and  the 
peach. 

How  much  influence  ought  to  be  attributed  to  inherited 
habit  or  custom  in  the  acclimatisation  of  animals  and  plants 
is  a  mudi  more  difficult  question.  In  many  cases  natural 
selection  can  hardly  have  failed  to  have  come  into  play  and 
complicated  the  result.  It  is  notorious  that  mountain  sheep 
resist  severe  weather  and  storms  of  snow  which  would  destroy 
lowland  breeds ;  but  then  mountain  sheep  have  been  thus 
exposed  from  time  immemorial,  and  all  delicate  individuals 
will  have  been  destroyed,  and  the  hardiest  preserved.  So 
with  the  Arrindy  silk-moths  of  China  and  India ;  who  can 
tell  how  far  natural  selection  may  have  taken  a  share  in  the 
formation  of  the  two  races,  which  are  now  fitted  for  such 
widely  difTcrcnt  clinialcs ?  It  seems  at  first  proliablo  that  the 
many  fruit-trees  which  are  so  well  fitted  for  the  hot  summers 
and  cold  winters  of  North  America,  in  contrast  with  their 
poor  success  under  our  climate,  have  become  adapted  through 
habit;  but  when  we  reflect  on  the  multitude  of  ^ codlings 
annually  raised  in  that  country,  and  that  none  would  succeed 
unless  bom  with  a  fitting  constitution,  it  is  possible  that 
mere  habit  may  have  done  nothing  towards  their  acclima- 
tisation. On  tho  otlier  hand,  when  wo  hear  that  Merino 
sheep,  bred  dui-ing  no  great  number  of  generations  at  tho 
Capo  of  Good  Hope — that  some  European  plants  raised 
during  only  a  few  generations  in  the  cooler  parts  of  India, 
witlistand^the  hotter  parts  of  that  country  much  better  than 
tho  sheep  or  seeds  imported  directly  from  England,  we  must 
attiibute  some  influence  to  habit.  W'e  are  led  to  the  same 
conclusion  when  we  hear  from  Naudin  ^^  that  the  itices  of 
melons,  squashes,  and  gourds,  which  have  long  been  cultivated 

^  Qnotsd  1/  Asa  Gray,  in  '  Am.  Journ.  of  Sd.,'  2&d  teriet,  Jan.  1865, 
p.  106. 
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in  Korihem  Europe,  are  comparatively  more  preoccious,  and 
need  much  loss  heat  for  maturing  their  fruit,  than  the 
varieties  of  the  same,  species  recently  hrought  from  tropical 
regions.  In  the  reciprocal  ounyersion  of  summer  and  winter 
wheat,  barley,  and  vetches  into  each  other,  habit  produces 
a  marked  effect  in  the  course  of  a  very  few  generationa 
The  same,  thing  apparently  occurs  with  the  yaneties  of 
maize,  which,  when  carried  from  the  Southern  States  of 
America,  or  into  Germany,  soon  became  accustomed  to  their 
now  homes..  With  vine-plants  taken  to  the  West  Indies  fi-om 
Madeira,  which  are  said  to  succeed  better  than  plants  brought 
directly  from  Franco,  we  have  some  degree  of  acclimatisation 
in  the  individual,  independently  of  the  production  of  new 
varieties  by  seed. 

The  common  experience  of  agriculturists  is  of  some  value, 
and  they  often  advise  persons  to  be  cautious  in  trying  the 
productions  of  one  country  in  another.  The  ancient  agri- 
cultural writers  of  China  recommend  the  jireservation  and 
cultivation  of  the  vai-ieties  peculiar  to  each  country.  During 
the  classical  period.  Columella  wrote,  ".Vemaculum  peons 
**  peregrine  longo  proestantius  est." '•  . 

•  I  am  aware  that  the  attempt  to  acclimatise  either  animals 
or  plants  has  been  called  a  vain  chimera..  No  doubt  the 
attempt  in  most  cases  deserves  to  be.  thus  called,  if  made  in* 
dependently  of  the  production  of  new  varieties  endowed  with  ^ 
a  different  constitution.  With  plants  propagated  by  buds, 
habit  rarely  produces  any  effect;  it  apparently  acts  only 
through  successive  seminal  generations.  The  laurel,  bay, 
laurestinus,  &o.,  and  the  Jerusalem  artichoke,  which  are  pro- 
pagated by  cuttings  or  tubers,  are  probably  now  as  tender  in 
England  as  when  first  iutioduced ;  and  this  appears  to  be  the 
case  with  the  potato,  which  until  recently  was  seldom  mul- 
tiplied by  seed.  With  plants  propagated  by  seed,  and  with 
animals,  there  will  be  little  or  no  acclimatisation  unless  the 
haixlier  individuals  are  either  intentionally  or  unconsciously 
preserved.    The  kidney-bean  has  often  been  advanced  as  an 

'*  For  ChioA,  tet  *M^oire  tor      'Jonrnal  da  Pbyiique,'  torn,   xsii'.j 
1m  Chiaoit,'  torn,  xi.,  1786,   p.  60.       17R4. 
Colnmelia  U  quoted  hj  Carlier,  in 
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instanoo  of  a  plant  which  has  not  bocome  hardier  sinco  its 
first  introduction  into  Britain.  We  hoar,  however,  on  excel- 
lent authority,'*  that  some  very  fino  seed,  imported  from  abroad, 
l)roduccd  plants  *'  which  bloraomod  most  profusely,  but  were 
'*  nearly  all  but  abortive,  whilst  plants  grown  alongsid6  from 
**  English  9eed  podded  abundantly ;  -'  and  this  apparently 
shows  some  degree  of  acclimatisation  in  our  English  plants. 
We  have  also  seen  that  seedlings  of  the  kidney-bean  occasion- 
ally appear  with  a  marked  power  of  resisting  frost :  but  no  ' 
one,  as  far  as  I  can  hear,  has  ever  separated  such  hardy 
seedlings,  so  as  to  prevent  accidental  crossing,  and  then 
gathered  their  seed,  and  repeated  the  process  year  after  year. 
It  may,  however,  bo  objected  with  truth  that  natural  selection 
ought  to  liave  had  a  decided  effect  on  the  hardiness  of  our 
kidney-beans;  for  tho  tondercst  individuals  must  have  been 
killed  during  every  severo  spring,  and  the  hardiet  preserved. 
But  it  should  be  borne  in  mind  that  tho  rcBnlt  of  increased 
hardiness  would  simply  bo  that  gardeners,  who  aro  always 
anxious  for  as  early  a  crop  as  possible,  -would  sow  their  seed 
a  few  days  earlier  than  formerly.  '  Kow,  as  the  period  of  sowing 
depends  much  on  the  soil  and  elevation  of  each  district,  and 
varies  with  the  season ;  ond  as  new  varieties  liavo  often  been 
imported  from  abroad,  can  we  feel  snrQ  that  our  kidney-beans 
are  not  somewhat  haixlier  ?  I  have  not  been  able,  by  searching 
old  horticultural  works,  to  answer  this  question  satisfactorily. 
On  the  whole  the  facts  now  given  show  that,  though  habit 
does  something  towards  acclimatisation,  3'ct  that  the  ap- 
peai'anco  of  constitutionally  different  individuals  is  a  far  more 
effective  agent.  As  no  single  instanoo  has  been  recorded 
either  with  animals  or  plants  of  hai'dior  individuals  having 
been  long  and  steadily  selected,  though  such  selection  is 
admitted  to  bo  indispensable  for  the  imp]*ovement  of  any  other 
character,  it  is  not  surprising  that  man  has  done  little  in  the 
acclimatisation  of  domestical^  animals  and  cultivated  plants. 
We  need  not,  however,  doubt  that  under  nature  new  races 
and  new  species  would  becpme  adapted  to  widely  different 
climates,  by  variation,  aided  by  habit,  and  regulated  by 
natural  selection. 

••  M«*sn.  Hardy  and  Son,  in  <  Gard.  Chronido,*  1850,  p.  i.89. 
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ArruU  of  Development :  Sudimentary  and  Aborted  Orgam. 

Modiftcations  of  stmotnre  from  arrested  devclopincnt,  ao  great 
or  60  Borious  aa  to  deservo  to  be  called  monstrosities,  are  not  in- 
Arequont  with  domesticated  animals,  but,  as  they  differ  much  from 
any  normal  structure,  they  require  only  a  passing  notice.  Thus 
the  whole  head  mav  be  represented  by  a  soft  nipplc-liko  projec- 
tion, and  the  limbs  by  mere  papillas.  These  rudiments  of  limbs  are 
sometimes  inherited,  as  has  been  observed  in  a  dog.'* 

Many  lesser  anomalies  appear  to  be  duo  to  arrested  development. 
What  tho  canso  of  tlie  arrest  may  be,  we  seldom  know,  except  in 
the  casn  of  direct  iigury  to  the  embrya^  Tliat  tho  causo  docs  not 
generally  act  at  an  extremely  early  embryonic  period  wo  may  infer 
from  the  affected  organ  seldom  being  wholly  aborted, — a  rudiment 
being  generally  preserved.  The  external  ears  are  represented  bv 
mere  vestiges  in  a  Chinese  breed  of  sheep;  and  in  another  breed, 
the  tail  is  reduced  **  to  a  little  button,  suffocated  in  a  manner,  by 
fat"**  In  taille^^sdogsandcatsastumpislen;  In  certain  breeds  of 
fowls  the  comb  and  wattles  are  reduced  to  rudiments ;  in  the  Cochin- 
China  breed  scarcely  more  than  rudiments  of  spurs  exist  With 
polled  Suffolk  cattle,  "  rudiments  of  horns  can  often  lie  fultatan 
''  o:ii']y  ago ;"  **  and  with  species  in  a  state  of  naturo,  tho  relatively 
great  development  of  rudimentary  orgims  at  an  early  period  of 
life  is  highly  characteristic  of  such  orgiuis.  With  hornless  bi*eed8 
of  cattle  and  sheep,  anotlier  and  singular  kind  of  rudiment  has 
been  observed,  namely,  minute  dangling  horns  attached  to  the  skin 
alone,  and  which  are  often  shed  and  grow  again.  With  homlera 
goats,  according  to  Desmarest,*'  the  bony  protuberance  which 
properly  supports  the  horn  exists  as  a  mere  rudiment. 

With  cultivated  plants  it  is  far  from  rare  to  And  tho  petals, 
stamens,  and  pistils  reprosented  by  rudiments,  like  those  olisorved 
in  natural  species.  So  it  is  with  the  whole  seed  in  many  fruits; 
thns»  near  Astraklian  there  is  a  grape  with  mere  traces  of  seed;*,  "  so 
"  small  and  lying  so  near  the  stalk  that  they  are  not  perceived  in 
"  eating  the  grape."  **  In  certain  varieties  of  the  gourd,  the  tendrilr^ 
according  to  Naudin,  are  represented  by  rudiments  or  by  various 
monstrous  growths.  In  the  broccoli  and  cauliflower  the  greater 
number  of  the  flowers  are  incapable  of  expansion,  and  include 
rudimentary  organs.  In  the  Feather  hyacinth  (Muaeari  eow*mM) 
in  its  natural  state  the  upper  and  central  flowers  are  brightly 
coloured  but  rudimentary;  .under  cultivation  the   tendency  to 


•ihia.GiK>aVoySalDt-Hi1airo,<Hlst.  *« 'Encydop.   HiSihod.,'   1820,  |i. 

Kat  des  Aoomalies,'  1830,  torn.  ii.  483 :  jm  p.  500,  on  the  Indian  lobu 

pp.  310,  323,  324,  895;  *PhiloMph.  easting  its  horns.    Slmilnr  oaaoa  in 

TrantacL,' 1775,  p.  313.  European .  cattlt  were  given  in  tit 

■*  Pallas,  quoted    Vy  Touatt   on  third  chapter. 

Sheep,  p.  25.  •*  Pallas,  *  TrareU,'  Eng.  Trnnslat, 

•*  Yooatt  on  Cattle,  1834,  p.  174.  rol.  i.  p.  343. 


Chap.  XXIY.  ABBE8TED  DEYBLOPtf  ENT  AHD  BUDIHENTS.  807 

abortion  travels  downwards  and  outwards,  and  all  the  flowers 
become  rudimentary;  but  the  abortive  stamens  and  pistils  ai-e  not 
so  small  in  tho  lower  as  in  the  upper  flowers.  In  the  Viburnum 
opulu»,  on  tho  other  hand,  the  outer  flowers  naturally  have  their 
organs  of  fructification  in  a  rudimentary  state,  and  the  corolla  is  of 
largo  size;  under  cultivation,  the  chance  spreads  to  the  centre,  and 
all  tho  flowers  become  aflbcted.  In  tuo  compositiB.  tho  so^*al)cd 
doubling  of  tho  flowers  consists  in  tho  greater  doTeiopknckit  of  tho 
corolla  of  the  central  florets,  generally  accompanied  with  some  dfxrco 
of  sterility ;  and  it  has  been  observed  **  tbat  the  progressive  doubling 
invariably  spreads  from  the  circumference  to  tho  centre, — ^that  is, 
from  tlio  roy  florets,  which  so  often  include  rudimentary  organs,  to 
those  of  tho  diso.  I  may  add,  as  bearing  on  this  subject,  tliat  with 
Asters,  soeds  taken  from  tho  florets  of  the  circumference  have  been 
found  to  yield  the  greatest  number  of  double  flowers.*^  In  the 
above  cases  we  have  a  natural  tendenov  in  certain  ports  to  bo  rudi- 
mentary, and  this  under  culture  spreads  either  to,  or  from,  Uio  axis 
of  the  plant  It  deserves  notice,  as  showing  bow  tho  siUno  laws 
govern  tiio  changes  which  natiunl  species  and  artificial  varieties 
undergo,  that  in  the  species  of  Carthamus,  one  of  tho  Composita),  a 
tendency  to  tbe  aboiiion  of  the  pappus  may  bo  traced  extending 
from  the  circumference  to  the  centra  of  the  disc  m  in  tlie  so-called 
doubling  of  tho  flowera  in  the  mombera  of  the  same  family.  Thus, 
according  to  A.  do  Jussion,*"  the  abortion  is  only  partial  in  Cartha- 
mm  creiicus,  but  moi'o  extended  in  C.  Janatus ;  for  in  this  species 
only  two  or  throe  ot  tlio  central  soeds  are  furnished  with  a  pappus, 
tho  surrounding  seeds  lioing  cither  quite  naked  or  furnished  with  a 
few  haira ;  and  lastly  in  C.  tinet-/rtu8,  even  tho  central  seeds  are 
destitute  of  pappus,  and  the  abortion  is  complete. 

With  animals  and  plants  under  domcstiaition,  when  an  dfgon 
disanpeara,  leaving  only  a  rudiment-,  tho  loss  has  generally  been 
sudden,  as  with  hornless  and  tailless  breeds ;  and  such  cases  may  bo 
ranked  as  inherited  monstrosities.  But  in  some  few  cases  tlie  loss 
hos  been  gi*adual,  and  has  been  effected  partly  by  selection,  as 
with  the  rudimentary  combe  and  wattles  of  certain  fowls.  Wo 
have  also  eoeu  tliat  tho  wings  of  some  domesticated  biixls  hiivo  been 
slightly  reduced  by  disuse,  and  the  great,  reduction  of  tho  wings 
in  certain  silk-moths,  with  more  rudiments  loft,  has  probably  been 
aided  by  disuse. 

With  species  in  a  state  of  nature,  rudimentary  organs  are 
extremely  oommon.  Such  organs  aro  generally  variable,  as 
several  naturalists  havo  observed ;  for,  being  useless,  they  aro 
not  regulated  by  natural  selection,  and  they  aro  more  or  less 
liable  to  reveraion.    The  same  rulo  certainly  holds  good  with 

*«  Mr.  Beaton,  in  *  Journal  of  Uor-       1862,  p.  2)3. 
tlcnlturo,'  Hay  21,  18tf  1,  p.  133.  *•  *  Annalcs  du  Moa^ana,'  torn,  vl 

•^  Leooq,    *  1>«    ^    Fecondation,'       p.  310. 
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parts  which  havo  become  radimentary  under  domesticatioii. 
Wo  do  not  know  through  what  8to]>s  undor  naturo  rudimentary 
organs  have  parsed  in  being  reduced  to  their  present  condition ; 
but  we  so  incessantly  see  in  species  of  the  same  gi*oup  tho 
^uest  gradations  between  an  organ  in  a  rudimentary  and 
perfect  state,  that  we^aro  led  to  bolioTc  that  the  passogo  must 
Lave  been  extremely  gradual.  It  may  be  doubted  whether  a 
change  of  structure  so  abrupt  as  the  sudden  loss  of  an  organ 
would  over  be  of  service  to  a  species  in  a  state  of  naturo ;  for 
tho  conditions  to  which  all  organisms  avo  closol}*  adapted 
usually  change  very  slowly.  Even  if  an  organ  did  suddenly 
disappear  in  some  one  individual  by  an  arrest  of  development, 
intercrossing  with  the  other  individuals  of  the  same  species 
would  tend  to  cause  its  partial  reappearanoe ;  so  that  its 
final  reduction  could  only  be  effected  by  some  other  means. 
The  most  probable  view  is,  that  a  part  which  is  now  rudi- 
mentary, was  formerly,  owing  to. changed  habits  of  lifo,  used 
less  and  less,  being  at  tho  same  time  reduced  in  size  by 
disuse,  until  at  last  it  became  quite  useless  and  supoi*f]uous. 
But  as  most  parts  or  organs  are  not  brought  into  action 
during  an  early  period  of  life,  disuso  or  decreased  action  will 
not  lead  to  their  ro<l notion  until  tho  organism  arrives  at  a 
somewhat  advanced  age ;  and  from  the  principle  of  inheritance 
at  corresponding  ages  the  reduction  will  bo  ti*ansmitted  to 
tho  offspring  at  the  same  advanced  stage  of  growth.  Th6 
part  or  organ  will  thus  retain  its  full  size  in  tho  ombryo, 
as  wo  know  to  be  the  case  with  most  rudiments.  As  soon  as 
a  part  bocomcs  useless,  another  principle,  that  of  economy  of 
growth,  will  come  into  play,  as  it  would  be  an  advantage  to 
an  organism  oxix>sed  to  severe  competition  to  savo  tho  de- 
velopment of  any  useless  part;  and  individuals  having  tlio 
})nrt  less  developed  will  have  a  slight  advantago  over  othere. 
lint,  as  Mr.  Mivart  has  justly  remarked,  as  soon  as  a  part  is 
much  reduced,  tho  saving  from  its  further  reduction  will  bo 
utterly  insignificant;  so  that  this  cannot  be  offcctcd  by 
natural  selection.  This  manifestly  holds  good  if  tho  part  be 
formed  of  mere  cellular  tissue,  entailing  little  expendituio  of 
nutriment.  H  ow  then  can  the  further  reduction  of  an  already 
somewhat  reduced  part  be  effected  ?    That  this  has  occurred 
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repeatedly  under  Nature  is  shown  by. the  many  gradations 
which  exist  between  organs  in  a  iierfect  state  and  the  merest 
vestiges  of  them.  Mr.  Romanes  **  has,  I.  think,  thrown  much 
light  on  this  difficult  problem.  His  view,  as  far  as  it  can  be 
given  in  a  few  words,  is  as  follows :  all  parts  are  somewhat 
variable  and  fluctuate  in  size  round  an  average  point.  Now, 
when  a  part  has  already  begun  from  any  cause  to  decrease,  it 
is  very  improbable  that  the  variations  should  be  as  gpreat  in 
the  direction  of  increase  as* of  diminution;  for  its  previous 
reduction  shows  that  circumstances  have  not  been  favourable 
for  its  development;  whilst  there  is  nothing- to  check  vaiia- 
tions  in  the  opposite  direction.  If  this  be  so,  the  long  oon-> 
tinned  crossing  of  many  individuals  furnished  with  an  organ 
which  fluctuates  in  a  greater  degree  towards  decrease  than 
towards  increase,  will  slowly  but  steadily  lead  torits  diminu- 
tion. With  respect  to  the  complete  and  absolute  abortion  of 
apart,  a  distinct  principle,  which  willbe  discussed  in  the 
chapter  on  pangenesis,  probably  comes  into  action. 

With  animals  and  plants  reared  by  man  there  is  no  severe 
or  recurrent  struggle  for  existence,  and  the  principle  of 
economy  will  not  come  into  action,  so  that  the  reduction  of 
an  organ  will  not  thus  be  aided.  So  far,  indeed,  is  this  from 
being  the  case,  that  in  some  few  instances  organs,  which  are 
naturally  rudimentary  in  the  parent*  species,  become  partiaUy 
redeveloped  in  the  domesticated  descendants.  Thus  cows, 
like  most  other  ruminants,  properly  have  four  active  and  two 
rudimentary  mammsB ;  but  in  our  domesticated  animals,  the 
latter  occasionally  become  considerably  developed  and  yield 
milk.  The  atrophied  mammae,  which,  in  male  domesticated 
animals,  including  man,  have  in  some  rare  cafecs  grown  to  full 
siaee  and  secreted  milk,  perhaps  offer  an  analogous  case.  The 
hind  feet  of  dogs  naturally  include  rudiments  of  a  fifth  toe, 
and  in  certain  large  breeds  these  toes,  though  still  rudimentary, 

**  I  suggested  in 'Nature' (▼ol.Tiii.    .  natural    solection  would,  owing    to 

pp.  432,   503)  that  with  organisms  intercrossing,    slowlj    but    steadily 

subjected  to  unfavourable  conditions  decrease.    In  three  subsequent  cotn- 

all   the    parts  would  tend  towards  munications  to  'Nature*  (March  12, 

reduction,  and  that  under  such  cir-  April  9,  and   Jul/    2,   1874X    ^r. 

c'jmstanccs  any  pnrt  which  was  not  Romanes  gives  his  improved  view, 
kept    up   to    its    standard    siae  b/ 
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becomo  considerably  developed  and  are  furnished  with  daws. 
In  the  common  lien,  the  spurs  and  comb  are  nidimentarj, 
but  in  oortain  breeds  these  become,  independently  of  age  or 
disease  of  the  ovaria,  well  developed.  1'he  stallion  has 
canine  teeth,  but  the  mare  has  only  traces  of  the  alveoli,  which, 
as  I  am  informed  by  the  eminent  veterinarian  Mr.  O.  T.  Brown, 
frequently  contain  minute  irregular  nodules  of  bone.  These 
nodules,  however,  sometimes  become  developed  into  imperfect 
teeth,  protruding  through  the  gums  and  coated  with  enamel ; 
and  occasionally  they  grow  to  a  fourth  or  even  a  third  of  tho 
length  of  the  canines  in  the  stallion'.  With  plants  I  do  not 
know  whether  the  redevelopment  of  rudimentary  organs 
occurs  more  frequently  under  culture  than  under  nature. 
Perhaps  the  pear-tree  may  be  a  case  in  point,  for  when  wild 
it  bears  thorns,  which  consist  of  branches  in  a  rudimentary 
oonditioh  and  serve  as  a  protection,  but,  when  the  tree  is 
cultivated,  they  ate  reoonvertod  into  branches. 
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CHATTEB  XXV^ 

LAWS  OF  VARUTIOX,  continued  —  OORRSLATED  TABIADIUTT. 


RFLAKATXOX    OF   TERM    OOHltELATlON—OONimTrBD   mTB 

llODinGATIO!(8  ODBRELATED  WITH  TBM  IKCBKXSBD  Oil  DBONSASED  8IZI 
or  PAinS— OOBBSLATED  TABIATION  OF  HOMOLOOOCS  PABT8— FEATHSUED 
rSSr  IM  BIBD8  ASSUMIKU  THE  mtCCTURB  OF  THE  WIMn»— GOEBELATIOW 
BffrWEBir  THE  BEAD  A5D  THE  EXTBEKfTlEB — BtfTWEEM  THE  8KIX  AMD 
DEBMAL  AFFEin>AGE8— BKTWBEK  THE  OBGANS  OF  SIGHT  AKD  HEABIMG — 
OOBBELATED  MODIFIOATIONS  IN  THE  OBGANS  OF  FLAMTS— OOBBELATED 
ltON8TBOSlTIE8--GORBELATIO:V  BETWEEN  THE  SKtILL  AND  EAB8— SKUIL 
AKD  CBE8T  OF  FEATHEBS— SKULL  AMD  H0BN9— CORRELATION  UF  GROWTH 
COSfFLIOATED  BT  THE  ACOUMULATED  EFFECTS  OF  NATCBAL  SELECTION — 
COLOUB  AS  OOBBELATED  WITH  CONSTITUTIONAL  PBCULIABiTlES. 

All  parts  of  the  organisation  are  to  a  certain  extent  connected 
together ;  but  the  connection  may  be  so  slight  that  it  hardly 
exists,  as  with  compound  animals  or  the  buds  on  the  same  tree. 
Even  in  the  higher  animals  various  parts  are  not  at  all 
closely  related;  for  one  part  may  bo  wholly  suppressed  or 
rendered  monstrous  without  any  other  part  of  the  body 
being  aiTocted.  But  in  some  cases,  when  one  part  varies, 
certain  other  part«  always,  or  nearly  always,  simultaneously 
vary ;  they  are  then  subject  to  the  law  of  oorralAted  varia- 
tion. The  whole  body  is  admirably  oo-oidinated  for  the  pecu- 
liar habits  of  life  of  each  organic  being,  and  may  be  said,  as 
the  Duke  of  Argyll  insists  in  his  '  Eeign  of  Law,'  to  be  corro- 
lated  for  this  {)ui*pose.  Again,  in  large  groups  of  animals 
certain  structures  always  co-exist:  for  instance,  a  peculiar 
form  of  stomach  with  teeth  of  peculiar  form,  and  such 
structures  may  in  one  sense  be  said  to  be  correlated.  But 
these  oases  have  no  necessary  connection  with  the  law  to  l>o 
discussed  in  the  present  chapter ;  for  we  do  not  know  that 
the  initial  or  primary  variations  of  the  several  parts  were  in 
any  way  related:  slight  modifications  or  ijidividual  differ* 
enoes  may  have  been  preserved,  first  in  one  and  then  in  another 
part,  until  the  final  and  perfectly  co-adapted  structure  was 
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acqnirod ;  but  to  this  subject  I  shall  proscntly  roonr.  Again, 
iu  many  groups  of  animals  tho  males  alone  are  furnished  with 
weapons,  or  are  ornamented  with  gay  colours;  and  those 
vliaiiicters  manifestly  stand  in  some  sort  of  oon*elation  with 
tlie  male  reproductive  organs,  for  when  the  latter  are  de- 
stroyed these  characters  disappear.  ,  But  it  was  shown  in  the 
twelfth  chapter  that  the  very  same  peculiarity  may  become 
attached  at  any  age  to  either  sex,  and  afterwards  be  exclu- 
sively transmitted  to  the  same  sQx.a.t  a  oorresponding  age. 
In  these  cases  we  liavo  inhoritunco  limited  by  both  sex  and 
ago;  but  we  have  no  i-oason  for  supposing  that  the  original 
oaiifie  of  the  variation  was  necessarily  connected  with  the 
reproductive  organs,  or  with  the  age  of  the  affected  being. 

In  cases  of  true  correlated  variation,  we  Are  sometimes  able 
to  see  the  nature  of  the  connection ;  but  in  most  onses  it  is 
hidden  from  us,  and  certainly  differs  in  different  cases.  We 
can  seldom  say  which  of  two  coiTelated  parts  first  varies, 
and  induces  a  change  in  the  other ;  or  whether  the  two  are 
the  effects  of  some  common  cause.  Correlated  variation  is 
an  important  subject  for  us ;  for  when  one  part  is  modified 
through  continued  selection,  either  by  man  or  under  nature, 
other  parts  of  the  organisation  will  bo  unavoidably  modified. 
From  this  correlation  it  apparently  follows  that  with  our 
domesticated  animals  and  plants,  varieties  rarely  or  never 
differ  from  one  another  by  a  single  character  alone. 

One  of  the  simplest  cases  of  congelation  is  that  a  modification 
which  arises  during  an  early  stage  of  growth  tends  to  influ- 
ence the  subsequent  development  of  the  same  pai*t,  as  well  as  of 
other  and  intimately  connected  parts.  Isidore  G eoffroy  Saint- 
Hilaire  states  ^  that  this  .may  constantly  be  observed  with 
monstrosities  in  the  animal  kingdom ;  and  Moquin-Tandon  ' 
remarks,  that,  as  with  plants  the  axis  cannot  become  mon* 
strous  without  in  someway  affecting  the  organs  subsequently 
produced  from  it,  so    axial  anomalies  are  almost  always 

>  '  Hist,  dn  Anomalieft,'  torn.  iH.  p.'  on  the  Morpholoj^y  of  the  Cephalocu 

{!92.     Prof.  Huxley  applies  the  same  Mollusca,  ia  « Phil.  Tranitact.,-  1853^ 

principle  in  accounting  for  the  ro-  p.  50. 

marlcable,  though  normal,  difTeronces  '  '  Elements  de  Tttratologib  V^Sg.,* 

in  the  arrangement  of  the  nerrous  1841,  p.    13. 
•jston  in  the  Mollusca,  in  his  paper 
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aooompanicd  by  doviations  of  Btracture  in  tho  appended  parts. 
Wo  shall  presently  see  that  with  short-mnzzled  races  of  the 
dog  certain  histological  changes  in  the  basal  eletnents-  of  the 
bones  un-cst  their  development  and  shorten  them,  and  this 
affects  the  position  of  the  subsequently  developed  molar  teeth^ 
It  is  probable  that.,  certain  modifications  in  the  larva3  of 
insects  would  affect  the  structure  of  the  ^nature  insects.  But 
wo  must  be  careful  not  to  extend  this  view  too  far,  for 
during  the  normal  coui-se  of  development,  certain  species  pasii 
through  an  extraordinary  course  of  change,  whilst  other  and 
closely  allied  species  arrive  at  maturity  with  little  change 
of  structure. 

Another  simple  case  of  correlation  is  that  with  the  increased 
or  decixMisod  dimensions  of  tho  whole  body,  or  of  any  parti< 
cular  part,  certain  organs  are  increased  or  diminished  in 
number,  or  are  otherwise  modified,  llius  pigeon-fanciers  have 
gone  on  selecting  pouters  for  length  of  body,  and  we  have 
seen  that  their  vertebrae  are  generally  increased  not  only  in 
size  but  in  number,  and  their  ribs  in  breadth;  Tumblers  have 
been  selected  for  their  small  bodies,  and  their  ribs  and  primary 
wing-feathers  are  generally  lessened  in  number.  Fantails  have 
boon  selected  for  their  large  vridely-expanded  tails,  with  nu- 
merous tail  feathers,  and  the  caudal  vertebneare  increased  iii 
size  and  number.  Gamers  have  been  selected  for  length  of 
beak,  and  their  tongues  hnve  become  longer,  but  not  iA  strict 
accordance  with  the  length  of  beak.  In  this  latter  breed  and 
in  others  having  large  feet,  the  number  of  the  scutelhs  on  the 
toes  is  greater  than  in  the  breeds  with  small  feet.  Many 
similar:  cases  could  be  given.-  In  Germany  it  has  been 
observed  that  the  period  of  gestation  is  longer  in  large  than 
in  small '  breeds  of  oattle.  With  our  highly-improved 
breeds  of  all  kinds;  the .  periods  of  maturity  and  ^f  repro- 
duction haye  advanced  with  respect  to  the.  age-  of- the 
animal;  and,  in  correspondence  'with  this,  the  teeth  are 
now  developed  earlier  than  formerly,  so  that,*  to  the  surprise 
of  agriculturists,  the  ancient  rules  for  judging  of  the  age  of 
an  animal  by  the  state  of  its  teeth  are  no  longer  trustworthy.' 

'  ProC  J.  B.  Simonds,  on  the  Age  of  the  Ox,  Sheep,  &c.  quoted  in'*GuU 
Chronicle,' 1854,  p.  588. 
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Correlaied  Yariation  of  Homologous  Parts. — Parts  which  aro 
homologous  tend  to  vary  in  the  same  manner;  and  this  is 
what  might  have  been  ezpocted,  for  such  parts  aro  identical 
in  form  and  structure  during  an  early  period  of  embr^'onio 
development,  and  are  exposed  in  the  egg  or  womb  to  similar 
conditions.  The  symmetry,  in  most  kinds  of  animals,  of  the 
corresponding  or  homologous  organs  on  the  right  and  left 
sides  of  the  body,  is  the  simplest  case  in  point;  but  this 
symmetry  sometimes  fails,  as  with  rabbits  having  only  one 
oar,  or  stags  with  one  horn,  or^with  many-homed  sheep 
which  sometimes  carry  an  additional  horn  on  one  side  of  their 
heads.  With  flowers  which  have  regular  corollas,  all  the  petals 
generally  vary  in  the  same  manner,  as  we  see  in  the  com 
plicated  and  symmetrical  pattern,  on  the  flowers,  for  instance, 
of  the  Chinese  pink ;  but  with  irixigular  flowers,  though  tlie 
petals  ai*o  of  course  homologous,  this  symmetry  often  fails, 
as  with  the  varieties  of  the  Antirrhinum  or  snapdragon,  or 
that  variety  of  the  kidney-bean  (Pliaseolus)  which  has  a 
white  stiindard-petal. 

In  tho  Ycrtebrata  the  A'ont  and  hind  limbs  are  homologous, 
and  they  tend  to  vary  in  the  same  manner,  as  we  see  in  long 
and  short  legged,  or  in  thick  and  thin  legged  races  of  tho 
horse  and  dog.  Isidore  Geoflroy^  has  remarked  on  the  ten- 
dency of  sniiernumcrary  digits  in  man  to  appear,  not  only  on 
the  right  and  left  sides,  but  on  the  upper' and  lower  cxtix^mi- 
ties.  Meckel  has  insisted  *  that,  when  the  muscles  of  tho  arm 
depart  in  numl>er  or  airangement  from  their  proper  type,  they 
almost  always  imitate  those  of  the  leg ;  and  so  conversely  tho 
varying  muscles  of  the  leg  imitate  the  normal  muscles  of  the 
arm. 

In  several  distinct  breeds  of  the  pigeon  and  fowl,  the  legs 
and  the  two  outer  toes  are  heavily  feathered,  so  that  in  the 
trumi>eter  pigeon  they  appear  like  little  wings.  In  the 
fea  ther-legged  bantam  the  **  boots**  or  feathers,  which  grow  fix)m 
the  outside  of  the  leg  and  generally  from  the  two  outer  toes, 
have,  according  to  the  excellent  authority  of  Mr.  Hewitt,* 

*  *  Hut.  ilcs  Anomalies,'  torn.  i.  p.       torn.  \,  p.  C35. 

S74w  •  *The   Poultry  Book,'  by  W.  B 

*  Quoted  by  Isid.  GeoflVoy,  ibid.,      Tegetmeier,  1806,  p.  250. 
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been  scon  to  exoced  the  Tving-feathers  in  longtli,  and  in  one 
case  wero  actually  nine  and  a  half  inches  long!  As  Mr. 
Blyth  has  remarked  to  me,  these  leg-feathers  resemble  the 
primary  wing-feathers,  and  are  totally  unlike  the  fine  do^vn 
which  naturally  grows  on  the  legs  of  some  birds,  sudi  as 
grouso  and  owls.  Ilenoo  it  may  bo  suspected  that  excess  of 
food  has  firat  given  redundancy  to  the  plumage,  and  then 
that  the  law  of  homologous  variation  has  led  to  the  develop- 
ment of  feathers  on  the  legs,  in  a  position  corresponding  with 
those  on  the  wing,  namely,  on  the  outside  of  the  tarsi  oud 
toes.  I  am  strengthened  in  this  belief  by  tho  following 
curious  case  of  oon*elation,  which  for  a  long  time  seemed  to 
me  utterly  inexplicable,  namely,  that  in  pigeons  of  any  breed, 
if  tho  logs  ai*e  feathered,  the  two  outer  toes  aro  partially 
connected  by  skin.  These  two  outer  toes  correspond  with 
our  third  and  fourth  toes.^  Now,  in  tho  wing  of  tho  pigeon 
or  of  any  other  bird,  the  first  and  fifth  digits  are  aborted ;  tho 
second  is  rudimentary  and  carries  the  so-called  '*  bastard- 
wing  ;"  whilst  tho  third  and  fourth  digits  aro  completely  united 
and  enclosed  by  skin,  together  forming  tho  extremity  of  the 
wing.  S«>  that  in  feather-footed  pigeons,  not  only  does  tho 
exterior  surface  support  a  row  of  long  feathers,  liko  wing- 
feathers,  but  tho  very  same  digits  whinh  in  the  wing  are 
completely  united  by  skin  become  partially  united  by  skin  in 
tho  feet ;  and  thus  by  the  law  of  tho  correlated  vacation  of 
homologous  parts  we  can  understand  tho  curious  connection 
of  fo  ithorod  legs  and  membrane  botweon  the  two  outer  toes. 

Andi-ow  Enight*  has  remarked  that  tho  face  or  head  and 
tho  limbs  usually  vary  together  in  gonoml  proportions. 
Compare,  for  instance,  tho  limbs  of  a  di-ay  and  race  horse,  or 
of  a  greyhound  and  mastiff.  What  a  monster  a  gi-eyhound 
would  appear  with  tho  head  of  a  mastiff!  The  modem 
bulldog,  however,  has  fine  limbs,  but  this  is  a  recently-selected 
character.      From   the    measurements  given   in   tho    sixth 

'  KntiiratUiU   diflfer   with   respect  Lycenm  of  Nat.  Hitt  of  New  Tork/ 

to  the  homologies  of  the  digits  of  vol.  z.,  1872,  p.  16. 

birds ;   but  levenl  uphold  the  view  *  A.    Walker    on    Intermarricge^ 

chore  ndvnnced.    See  on  this  subject  1838,  p.  ItfO. 
Dr.  E.  S.  Hone  in  <  Annals  of  the 
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diaptor,  we  eee  that  in  BOTeral  broods  of  tho  pigoon  the  loi^gth 
,  of  tho  beak  and  tho  size  of  tho  feet  are  oorrolated.  Tho  viow 
whiohyaabofotooxplainod/ seems  the  most  probable. is,  th)at 
disuao  in  all  cases'  tends  to  diminish  the  feet,  the  beak 
beoQming  at  tho  same  time  shorter  thtx>ngh  ([correlation ;  but 
that  in  some  few  breeds  in  which  leng^  of  beak  has  been  a 
select^  point,  tho  feet,  notwithstanding  disuse;  haVe  increased 
in  sizetlirough  correlation.  In  tho  following  case*some  kind 
of  correlation  is  scon  to  exist  between  the  feet  and  beak : 
several  specimens  havci  been  sent  to  Mr.  Bartldtt  at  different 
times,  as  hybrids  between  ducks  and  fowls,  and  I  have  seen 
one ;  these  were,  as  might  be  expected,  ordinaiy  ducks  in  a 
semi-monstrous  condition,  and  in  all  of  them  tho  swimming- 
web  between  the  toes  was  quite  deficient  or  much  reduced, 
and  in  all  tho  beak  was  Harrow  and  ill-shaped. 

With  the  increased  length  of  the  beak  in  pigoons,  not  only 
the  tongue  increases  in  length,  but  likewise  the  oritice  of  tho 
nostrils.  But  the  increased  length  of  the  orifice  of  the 
nostrils  perhaps  standn  in  closer  correlation  witli  the  develop- 
ment of  the  corrugated  skin  or  wattle  at  the  base  of  the  beak, 
for  when  there  is  much  wattle  round  the  eyes,  the  eyelids  are 
g^roatly  increased  or  even- doubled  in  lengths 

There'  is  apparently  some  6orrolation  oven  in  colour  between 
tho  head  and  the  extreniitioo.  Thus  with  horses  a  large  white 
star  or  blaze  on  the  forehead  is  generally  accompanied  by  white 
feet*  With  white  rabbits  and  cattle,  dark  marks  often 
co-exist  on  the  tips  of  the  ears  and  on  the  feet.  In  black 
and  tan  dogs  of  different  breode,  tan-coloured  spots  over  the 
eyes  and  tan-coloured  feet  almost  invariably  go  together. 
These  latter  cases  of  connected  colouring  may  bo  due  eithet 
to  reversion  or  to  analogous  variation,— subjects  to  which! 
shall  hereafter  return, — ^but  this  does  not  necessarily  determine 
the  question  of  their  original  correlation.  Mr.  H.  W.  Jackson 
informal  mo  that  ho  has  observed  many  hundred  white-footed 
cats,  and  he  finds  that  all  are  more  or  less  conspicuously 
marked  with  white  on  the  front  of  the  neok  or  chest. 

•  •  >  •  •       • 

•■*^Th«   Farrier    aud   NatuniHsV      me  that  about  thre«-fovrthi  of  \vhiia> 
▼ol.  i.,  1828,  p.  456.     A  gentlemaa       faced  hones  hare  white  leg«. 
who  hat  attended  to  this  point,  tella 
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Tho  lopping  forwards  and  downwards  of  the  immenBo  oars 
of  fancy  rabbits  sooms  partly  due  to  tho  disuse  of  tho  muscles, 
and  pai*tly  to  tho  weight  and  length  of  tho  ears,  which  have 
boon  increased  by  selection  during  many  generations.  -Now, 
with  tho  increased  size  and  changed  direction  of  the  ears  not 
only  has  tho  hony  auditory  meatus  become  changed  in  outline, 
diroctiou,  and  greatly  in  sizo,  but  the  whole  skull  hasboeii 
slightly  .modified.  This  could  he  clearly  seen  in  *'  half-lops 'f 
-rthat  is,  in  rahhlts  with  only  one  ear  lopping  forward — for 
the  opposite  sides  of  their  skulls  were  not  strictly  symmetrical. 
This  seems  to  mo  a  ounous  instance  of  correlation,  between 
hard  bones  and  organs  so  soft '  and  flexible,  as  well  as  so 
unimportant  under  a  physiological  point  of  view,  'aa  tho 
external  ears,  l^ho  result  no  doubt  is  largely  diie*  to  mere 
mechanical  action,  that  is,  to  tho  weight  of  the  <  ears,  on  tho 
samo'x^nnciple  that  the  skull  of- a  human  infant'  is  easily 
modified  by  pressure.  i       ., 

Tho  skin  and  the  appendages  of  hair,  foathers,  hoofs,  hoiiis, 
and  teeth,  are  homologous  over  the  whole  body.  Eveiy  one 
knows  that  the  colour  of  the  skin  and  that  of  the  hair  usually 
vary  together;  so  tlmt  Yirgil  advises  the  shepherd  to  look 
whether  the  mouth  and  tongue  of  tho  ram  aro  black,  lost  this 
lambs  should  not  bo  purely  white*  The  colour  of  the  skin 
and  hair,  and  the  odour  emitted  by  tho  glands  of  tho  skin, 
aro  said^®  to  be  connected,  even  in  the  same  i*aco  of  men. 
Generally  tho  hair  varied  in  tho  same  way  all  over  tho  body 
in  length,  fineness,  and  curliness.  The  same  rule  holds  good 
with  foathei's,  as  we  see  with  the  laced  and  frizzled  breeds 
both  of  fowls  and  pigeons.  In  the  common  oock  tho  feathers 
on  tho  neck  and  loins  are  always  of  a  particular  sha]io,  called 
hackles :  now  in  tho  Polish  brood,  both  sexes  aro  chai*actoi  ised 
by  a  tuft  of  feathers  on  tho  head,  and  through  consolation 
those  foathers  in  tho  malo  always  assume  tho  form  of  hackles. 
The  wing  and  tail-feathers,  though  arising  from  parts  not 
homologous,  vary  in  length  together ;  so  that  long  or  short 
winged  pigeons  generally  have  long  or  short  tails.  Tho  case 
of  the  Jacobin-pigeon  is  moix>  curious,  for  tho  wing  and  tail 
feathers  are  remarkably  long ;  and  this  apparently  has  arisen 

M  Godron,  *Sur  PCsptee,'  torn.  it.  p.  217. 
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in  oorrelation  with  tho  elongated  and  rovcrsod  fcathors  on  the 
back  of  tho  neck,  which  form  the  hood. 

The  hoofs  and  liair  are  homologous  appenduges;  and  a 
careful  observer,  namely  Asara,^^  states  that  in  Paraguay 
hoi'ses  of  various  colours  are  often  bom  with  their  hair  curled 
and  twisted  like  that  on  the  head  of  a  negro.  This  peculiarity 
is  strongly  inherited.  But  what  is  I'cmarkable  is  that  the 
hoofs  of  these  horses  "  are  absolutely  like  those  of  a  mule." 
The  hair  also  of  their  manes  and  tails  is  invariably  much 
shorter  than  usual,  being  only  from  four  to  twelve  inches  in 
length ;  so  that  curliness  and  shortness  of  the  hair  are  here, 
as  with  the  negro,  apparently  correlated. 

AVith  respect  to  the  horns  of  sheep,  Youatt "  remarks  that 

multiplicity  of  hoi-ns  is  not  found  in  any  bixKKl  of  much  value; 

it  is  geueitilly  accompanied  by  great  length  and  coarseness 
'*  of  the  fleece."  b'everal  troj^ical  bi*ecds  of  sheep  which  are 
clothed  with  hair  instead  of  wool,  have  honis  ahnost  like 
those  of  a  goat  Sturm  '^  expressly  declares  that  in  diiferant 
races  the  more  the  wool  is  curled  tho  moix)  the  liorns  are 
spirally  twisted.  We  have  seen  in  the  thiixL  chapter,  where 
other  analogous  facts  liave  been  given,  that  the  parent  of  the 
Mauchamp  bitted,  so  famous  for  its  fleece,  had  peculiarly 
shaped  horns.  The  inhabitants  of  Angora  assert  '^  tliat  *^  only 
*'  the  white  goats  which  have  horns  wear  the  fleece  in  tho 
**  long  curly  looks  that  are  so  much  admired ;  those  which 
'*  are  not  horned  having  a  comparatively  closo  coat."  From 
these  cases  wo  may  infer  that  the  hair  or  wool  ond  tho  horns 
tend  to  vary  in  a  correlated  manner.^*  Those  who  have  tried 
hydropathy  are  aware  that  the  frequent  application  of  cold 
water  stimulates  the  skin ;  and  whatever  stimulates  the  skin 


II  (Qaodrnp^es  du  Paraguay,' 
torn.  ii.  II.  Sa3. 

"  On  Sheep,  p.  142. 

13  «  Ueber  liacen,  Krouzungen,'  &&, 
1825, 1.  24. 

i«  QnoUi  from  Conolly,  in  <The 
Indian  Field,'  Feb.  1850,  roL  iL  p. 
286. 

**  In  the  tliird  chapter  I  hare  mid 
that  **  the  hair  and  home  are  so  close- 
ly related  to  each  other,  that  they  aro 


apt  to  vary  tojirether."  Dr.  Wilckcns 
(*<  Darwin**  Theorie, "  « Jah  i  buch 
der  Deutachen  Vichzucht,'  18JU,  1. 
Heft)  translates  my  words  into  **  Inng- 
und  grobhnarige  Thiere  sollen  ge- 
neigter  sein,  lange  iind  riele  Homer 
su  bekonimen,*'  and  he  then  justly 
disputes  this  proposition ;  but  what  I 
have  really  said,  in  accordance  with 
the  authorities  iust  quoted,  may,  I 
think,  be  tmsted. 
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tonds  to  increase  tbe  growth  of  the  hair,  as  is  well  shown  in 
the  abnormal  growth  of  hair  near  old  inflamed  snrfaccs. 
Now,  Professor  Low**  is  convinced  that  with  the  different 
races  of  British  cattle  thick  bkin  and  long  hair  depend  on 
tho  humidity  of  the  climate  which  they  inhabit.  We  can 
thus  see  how  a  humid  climate  might  act  on  the  horns — in  the 
first  place  directly  on  tho  skin  and  hair,  and  secondly  by 
conxslation  on  tho  horns.  The  presence  or  absence  of  horns, 
moreover,  both  in  the  caso  of  sheep  and  cattle,  acts,  as  will 
presently  be  shown,  by  some  sort  of  correlation  on  the  skull. 
With  respect  to  hair  and  teeth,  Mr.  Ynrrell  *'  found  many 
of  tho  teeth  deficient  in  throe  hairless  **  Egyptian  dogs,"  and 
in  a  hairless  terrier.  Tlie  incisors,  canines,  and  the  premolars 
suffered  most,  but  in  one  case  all  the  teeth,  except  the  large 
tubercular  molar  on  each  side,  were  deficient.  With  man 
several  striking  cases  have  been  recorded'*  of  inherited  bald- 
ness with  inlieritcd  deficiency,  either  complete  or  partial,  of 
the  teeth.  I  may  give  an  analogous  case,  communicated  to  me 
by  Mr.  W.  Wedderbum,  of  a  Hindoo  family  in  Scinde,  in  which 
ten  men,  in  thecoui'se  of  four  generations,  were  furnished,  in 
both  jaws  taken  together,  with  only  four  small  and  weak 
incisor  teeth  ami  with  eight  posterior  molars.  The  men  thus 
affected  have  ver}'  little  hair  on  the  body,  and  become  bald 
early  in  life.  They  also  suffer  much  during  hot  weather  from 
excessive  dryness  of  tho  skin.  It  is  remarkable  that  no 
instance  has  occurred  of  a  daughter  being  thus  affected  ;  and 
this  fact  reminds  us  how  much  more  liable  men  ai  e  in  England 
to  become  bald  than  women.  Though  the  daughters  in  the 
above  family  are  never  affected,  tliey  transmit  tho  tendency 
to  their  sons ;  and  no  caso  has  occunxxl  of  a  son  transmitting 
it  to  his  sons.  The  affection  thus  appears  only  in  alternate 
generations,  or  after  longer  intervaLs.  There  is  a  similar  con- 
nection between  hair  and  teeth,  according  to  Mr.  Sedgwick, 

'*  <  Domesticftted  Animals  of  tho  "  <  Proceedings  Zoolog.  Soc.,' 1833 

nrit!sh  Islnnds.'  pp.  307,  368.     Dr.  p.  113. 

Wilckcns  argues  (*  Ijindwirth.  Wo-  **  Sedg%nck,   'Brit,   and    F^riJga 

dienUlatt,*  Nr.  10,  1869)  to  the  same  Msdico-Chirurg.  Reriew/  April,  ISittly 

eflect  with  respect  to  domestic  animals  p.  453. 
m  Germanx* 


820  LAWS  OP  VABIATION.  CnAP.  XXV. 

in  thoflo  rare  caaes  in  which  tho  hair  haa  been  renewed  in  old 
age,  for  this  haa  **nanally  been  accompanied  by  a  renewal  of 
tho  teeth."  I  haye  remarked  in  a  former  part  of  thia  volume 
that  the  great  redudtion  in  the  aizo  of  the  tuska  in  domestic 
boars  probably  stands  in  dose  relation  with  their  diminished 
bristles,  due  to  a  certain  amount  ci^  protection  ;  and  that  tho 
reappearance  iaf  the.  tusks  in  boars,  which  haye  become  feral 
and  are  fully  exposed  to  the  weather,  probably  depends  on  tho 
reappearance  of  the  bristles.  I  may  add,  though  not  strictly 
connected  with  our  present  point,  that  an  agriculturist^* 
assorts  that  **  pigs  with  littlo  hair  on  their  bodies  arc  most 
liable  to  lose  their  tails,  *  showing  a  weakness  of  tho 
tegumental  structure.  It  may  be  preyeutod  by  crossing 
**  with  a  more  hairy  breed." 

In  tho  previous  cases  deficient  hair,  and  teeth  deficient  in 
number  or  si;sc,  aro  apparently  connected.  In  the  following 
cases  abnormally  i-odundant  hair,  and  teeth  either  deficient  or 
redundant,  are  likewise  connected.  Mi\  Crawfurd '°  saw  at 
tho  Burmese  Court  a  man,  thirty  years  old,  with  his  whole 
body,  except  the  hands  and  feet,  covered  with  straight  silky 
hair,  which  on  the  shoulders  and  spine  was  five  inches  in 
length.  At  birth  tho  ears  alone  were  covered.  He  did  not 
arrive  at  puberty,  or  shed  his  milk  teeth,  until  twenty  years 
old;  and  at  this  period  ho  acquired  five  teeth  in  the  upper  jaw^ 
namely,  four  incisors  and  one  canino,  and  four  incisor  teeth  in 
the  lower  jaw ;  all  the  teeth  were  small.  This  man  had  a 
daughter  who  was  bora  with  hair  within  her  cara ;  and  tho 
hair  soon  extended  over  her  body.  When  Captain  Yule^^ 
visited  the  Court,  he  found. this  girl  grown  up;  and  she 
presented  a  strange  appearance  with  even  her  nose  densely 
covered  with  soft  hoir.  Like  her  father,  she  was  furnished 
with  incisor  tooth  alone  The  King  hod  with  difficulty 
bribed  a  man  to  many  her,  and  of  her  two  childix-n,  one,  a 
boy  fourteen  months  old,  had  hair  growing  out  of  his  cara, 
with  a  beai'd  and  moustache.  This  strange  peculiarity  lias, 
iheraforo,  been  inherited  for  three   generations,  with  tho 

»  <Gard.  Chroniola,'  1849,  p.  203.  *>  'Numtirt  of  n  Mitiioa  to  Iht 

**  <  Kmbimjr  to  tho  Court  of  Ara,'      Court  of  Ava  in  1855,'  p.  ak 
foL  L  p.  320. 
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molar  teeth  deGcient  in  the  grandfather  and  mother;  whether 
thoBO  teeth  would  likewiiie  fail  in  the  infant  could  not  then 
be  told.  '      "      . 

A  jiarallel  case  of  a  man  fifty-five  3*ear8  .old,  and  of  his  son, 
with  their  faces  covered  with  hair,  has  iXK^ently  occurred  in 
liussia.  Dr.  Alex.  Brandt  has  sent  me  an  account  of  this 
case,  together  with  s[)ecimens  of  the  extremely  .  fine  hair 
fi-om  the  chocks.  The  man  is  deficient  in  teeth,  possessing 
only  four  incisora  in  the  lower  and  two  in  the  upper  jaw. 
His  son,  about  three  years  old,  has  no  teeth  except  four 
lower  incisors..  The  case,  as  Dr.  Brapdt  remarks  in  his  letter, 
no  doubt  is  due  to  an  arrest  of  development  in  the  hair  and 
teeth.  AN'o  heix)  sec  how  independent  of  the  ordinary  con- 
ditiond  of  existence  such  aiTcsts  must  be,  for  the  lives  of  a 
Bussian  peasant  and  of  a  native  of  Bunnah  ai  e  as  diflbrent 
as  possibla'^ 

Here  is  another  and  somewhat  different  case  communicated 
to  mo  by  Mr.  Wallace  on  the  authority  of  Dr.  Purland,  a 
dentist :  Julia  Pastrana,  a  Spanish  dancer,  was  a  rcmtirkably 
fine  woman,  but  she  had  a  thick  masculine  beard  and  a 
hairy  forehead ;  sho  was  photographed,  and  her  stuffed  skin 
was  exhibited  as  a  show ;  but  what  concerns  us  is,  that  sho 
had  in  both  the  upper  and  lower  jaw  an  irregular  double  set 
of  teeth,  one  row  being  placed  within  the  other,  of  which  Dr. 
Purland  took  a  cast.  From  the  redundancy  of  teeth  her 
mouth  projected,  and  her  face  had  a  gorilla-like  appearance. 
These  cases  and  those  of  the  hairless  dogs  forcibly  call  to 
mind  the  fact,  that  the  two  orders  of  mammals— namely,  the 
Edentata  and  Cetacea— which  are  the  most  abnormal  in  their 
dermal  covering,  are  likewise  the  most  abnormal  either  by 
deficiency  or  redundancy  of  teeth. 

U'he  organs  of  sight  and  hearing  are  generally  admitted  to 
be  homologous  with  one  another  and  with  various  dermal 
appendages ;  hence*  these  x>arts  are  liable  to  be  abnormally 
affected  in  conjunction.  Mr.  White  Cowper  says  "  that  in  all 
**  cases  of  double  microphthalmia  brought  under  his  notice  he 

^  I  owe  to  tho  kindneu  of  M.      both  of  whom  hnre  since  beca  «z* 
Chanman,  of  St.  Petenbursr,  excellent      liibited  in  Paris  and  London. 
|ihotognphs  of  this  man  and  his  son, 
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**  has  at  tho '  samo  timo  met  with  defective  develupmcnt  of 
**  the  dental  Bystem.'*  Certain  forms  of  blindness  seem  to  be 
associated  with  the  colour  of  the  hair ;  a  man  with  black 
hair  and  a  woman  with  light-coloured  hair,  both  of  sound 
constitution,  married  and  had  nine  children,  all  of  whom 
wore  horn  blind;  of  these  children,  five  **with  dark  hair 
"  and  brown  iris  were  afflicted  with  amaurosis ;  the  four 
**  others,  with  light-coloured  hair  and  blue  iris,  had  amaurosis 
*'  and  cataract  conjoined."  Several  cases  could  bo  given, 
showing  tliat  some  relation  exists  between  various  affections 
of  the  eyes  and  ears;  thus  Liebreich  states  that  out  of  241 
deaf-mutes  in  Berlin,  no  less  than  fourteen  suffered  from  the 
rare  disease  called  pigmentary  retinitis.  Mr.  White  Cowper 
and  Dr.  Earle  have  remarked  that  inability  to  distinguish 
different  colours,  or  colour-blindness,  **  is  often  associated 
*'  with  a  corresponding  inability  to  distinguish  musical 
**  sounds.** " 

Hero  is  a  more  curious  case :  white  cats,  if  they  have  blue 
eyes,  are  almost  always  deaf.  I  formerly  thought  that  tho 
rule  was  invariable,  but  I  have  heard  of  a  few  authentic  ex- 
ceptions. The  first  two  notices  were  published  in  1829,  and 
relate  to  English  and  Persian  cats :  of  tho  latter,  the  liov.  W. 
T.  Brce  posKessed  a  female,  and  he  states,  *^  that  of  the  offspring 
'*  pix)dnccd  at  one  and  the  same  birth,  such  as,  like  the  motlier, 
"  wore  entirely  white  (with  blue  eyes)  were,  like  her,  invari- 
*'  ably  deaf;  while  those  that  had  the  least  speck  of  colour  on 
'*  their  fur,  as  invariably  possessed  the  usual  faculty  of 
"  hearing."  "  The  Bev.  W.  Darwin  Fox  informs  me  that  ho 
has  seen  more  than  a  dozen  instances  of  this  correlation  in 
Euglibh,  Persian,  and  Danish  cats ;  but  ho  adds  ^'  that,  if  one 


'*  TlicM  itatGinenU  ire  taken 
fioin  Mr.  Sed](wivk,  in  the  'Medico- 
Chirurg.  Keview,'  July,  1^61,  p. 
198;  April,  18U3,  pp.  453  nni  458. 
iJebrcich  b  quoted  bj  Professor 
Dttva}',  in  his  'Alariagee  Conson- 
gui»V  1862,  p.  UU. 

*«  Loudon's  '  Mng.  of  Nat.  Hist,' 
rol.  i.,  1329,  pp.  OH,  178.  ^  also 
Dr.  P.  Lucas,  •L'H^rdd.  Nnt.,'  torn.  L 
p.  428,  on  the  inheritance  of  deafness 


In  eats.  Mr.  Lawson  Tait  states 
C  Nature,*  1878,  |>.  aJd)  thH  only 
male  cats  are  thus  aAeetcd  ;  but  this 
must  be  a  hasty  general tsatitm.  The 
first  case  recorded  in  Kn<eland  by  Mr. 
Bree  related  to  a  female,  and  AIi*. 
Fox  informs  me  that  he  has  urucl 
kittens  from  a  white  femalii  with 
blue  eyes,  which  was  completely  deaf; 
he  has  also  observed  other  fcuialof  il 
the  same  condition. 
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**  eyo,  as  I  have  Boveral  timefl  observed,  bo  not  blue,  the  cat 
"  hears.  On  the  other  hand,  I  have  never  seen  a  white  cat 
*'  with  eyes  of  the  common  colour  that  was  deaf.*'  In  Franco 
Dr.  Sicliel  ^^  has  observed  during  twenty  years  similar  facts ; 
ho  adds  the  remarkable  case  of  the  iris  beginning,  at  the  end 
of  four  months,  to  grow  dark-colourod,  and  thou  the  cat  first 
began  to  hear. 

This  Case  of  correlation  in  cats  has  stinick  many  persons 
as  marvellous.  Thero  is  nothing  unusual  in  the  relation  be- 
tween blue  eyes  and  white  fur;  and  we  have  already  seen 
that  the  organs  of  sight  and  hearing  are  often  simultaneously 
affected.  In  the  present  instance  the  cause  probably  lies  in 
a  slight  arrest  of  development  in  tho  nervous  system  in  con- 
nection with  th6  sense-organs.  Kittens  during  tho  fiiist  nine 
days,  whilst  their  eyes  are  closed,  appear  to  be  completely 
deaf;  I  have  made  a  great  clanging  noise  with  a  poker  and 
shovel  close  to  their  heads,  both  when  they  were  asleep  and 
awake,  without  producing  any  effect  The  trial  must  not 
bo  made  by  shouting  close  to  their  oars,  for  they  are,  even 
when  asleep,  extremely  sensitive  to  a  breath  of  air.  Kow,  as 
long  as  the  eyes  continue  closed,  the  iris  is  no  doubt^bluo, 
for  in  all  the  kittens  which  I  have  seen  this  colour  ix)maius 
for  Bomo  time  after  the  eyelids  open.  Hence,  if  we  suppose 
tho  development  of  the  organs  of  sight  and  hearing  to  bo 
ari'ostod  at  the  stage  of  tho  closed  eyelids,  the  eyes  would 
remain  permanently  blue  and  the  ears  would  be  incapable  of 
perceiving  sound ;  and  wo  should  thus  understand  this  curious 
case.  As,  howovor,  the  colour  of  the  fur  is  determined  long 
boforo  birth,  and  as  tho  blucness  of  tho  eyes  ond  tho  whiteness 
of  tho  fur  are  obviously  connected,  wo  must  believe  that  somo 
pnniary  causo  acts  at  a  much  earlier  period. 

The  instances  of  correlated  variability  hitherto  given  have 
been  chiefly  drawn  from  the  animal  kingdom,  and  wo  will 
now  turn  to  plants.  Leaves,  sepals,  petals,  stamen^  and 
pistils  are  all  homologous.  In  double  flowers  we  see  that 
the  stamens  and  pistils  vary  in  the  same  manner,  and  assume 
the  form  and  colour  of  the  petals.  In  tho  double  columbine 
{A2uilegia  vulgaris),  the  successive  whorls  of  stamens  arc  con- 

<*  *  AoDffles  de«  Sc.  ^aL*  Zoolog.,  Srd  seriex,  1847,  torn.  viii.  ]>.  239. 
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verted  into  eornucopias,  vhichore  eneloscd  witliin  one  anothcz 
and  resemble  Ibo  true  petals.  :  In  hose-in-hoso  flowers  the 
Bopwls  mock  the  petals.  In  some  cases  the  flowers  and  leaves 
vaiy.  together  in  tint :  in  all  the  varieties  of  the  common  pea, 
which  have  purple  flowers,  a  purple  mark  may  be  seen  on 
the  stipules. 

M.  Faivre  states  that  with  the  varieties  of  Primvia  tinemU 
thQ .colour  of  the  flower  is  evidently  correlated  with  the  colour 
of  the  under  side  of  tlie  leaves ;  and  he  adds  that  the  varieties 
with  flmbriatcd  flowei'S  almost  always  have  voluminous, 
balloon-like  calyces.**^  With  other  plants  the  leaves  and  fiiiit 
or  seeds  vaiy  together  in  colour,  as  in  a  curious  pale-leaved 
variety  of  the  sycamore,  which  has  recently  been  described  in 
France,^^  and  as  in  the  purple-leaved  hazel,  in  fvhich  the  leaves, 
the  husk  of  the  nut,  and  the  pellicle  ix>und  the  keniel  are  all 
coloured  pui-ple.*'"  Pomologists  can  predict  to  a  certain  extent, 
from  the  size  and  appearance  of  the  leaves  of  their  seedlings, 
the  probable  nature  of  the  fiuit;  for,  as  Van  Mens  reniarks,*''^ 
variations  in  the  leaves  are  generally  accompanied  by  some 
modification  in  tlie  flower,  and  consequently  in  the  fiuit.  In 
the  Serpent  melon,  which  has  a  narrow  tortuous  fruit  above  a 
yaixl  in  length,  the  stem  of  tho  plant,  the  peduncle  of  the 
female  flower,  and  the  middle  lobe  of  tho  leaf,  are  all  elon- 
gated in  a  remarkable  manner.  On  the  other  hand,  several 
varieties  of  Cucurbits,  which  have  dwarfed  stems,  all  pro- 
duce, as  Naudin  remarks,  leaves  of  the  same  peculiar  shape. 
Mr.  G.  Maw  informs  mo  that  all  the  varieties  of  tho  scarlet 
Pelargoniums  which  have  contracted. or  imperfect  leaves  have 
contracted  flowers:  the  dilTerence  between  ** Brilliant"  and 
its  parent  "  Tom  Thumb  '*  is  a  good  instance  of  this.  It  may 
be  suspected  that  the  curious  case  described  by  Itib^so.^  of  a 
variety  of  tho  Orange  which  produces  on  tlie  3'oung  shoots 
rounded  leaves  with  winged  petioles,  and  aftcnvards  elongated 
leaves  on  long  but  winglesa  petioles,  is  connected  with  tho 

**  <Rerne  do*  Coun  ScientifiquM,'  stAnccs,  'Des  Vari^t^s,*  1865,  p.  72.. 
Jone  5,  I860,  p.  430.  *•  '  Arbres  Fruitierit,'  1836,  torn.  ii. 

>'  «Garden«r'a    Chron.,*   1864,    p.  pp.  204,  226. 

1202.  .   **  '  Anuilet  dn  Moa^am,*  torn,  zi 

**  Verlot  gives  scTeral  oilier  in-  p.  188. 
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remarkable  change  in  form  and  nature  wluoh  the  fruit  xmder- 
goes  during  its  development. 

In  the  following  instanoe  we  have  the  colour  and  the  form 
of  the  petals  apparently  correlated,  and  both  dependent  on 
the  nature  of  the  season.  An  observer,  skilled  in  the  subject, 
writes,'^  ^  I  noticed,  during  the  year  1842,  that  every 
^  Dahlia  of  which  the  colour  had  any  tendency  to  scarlet, 
«•  was  deeply  notched — indeed,  to  so  great  an  extent  as  to 
**  give  the  petals  the  appearance  of  a  saw ;  the  indentures 
were,  in  some  instances,  more  than  a  quarter  of  an  inch 
deep."  Again,  Dahlias  which  have  their  petals  tipped 
with  a  different  colour  from  the  rest  of  the  flower  are  very 
inconstant,  and  during  certain  years  some,  or  even  all  the 
flowers,  become  uniformly  coloured;  and  it  has  been  observed 
with  several  varieties,'^  that  when  this  happens  the  petals 
grow  much  elongated  and  lose  their  proper  shape.  This, 
however,  may  be  due  to  reversion,  both  in  colour  and  form, 
to  the  aboriginal  species. 

In  this  discussion  on  correlation,  we  have  hitherto  treated 
of  cases  in  which  we  can  partly  understand  the  bond  of 
connection;  but  I  will  now  give  cases  in  which  we  can- 
not even  conjecture,  or  can  only  very  obscurely  see,  the 
nature  of  the  bond.  Isidore  Qeoffroy  Saint-Hilaire,  in  his 
work  on  Monstrosities,  insists, '^  '*que  certaines  anomalies 
*'  coexistent  rarement  entr'elles,  d'autres  frequemment,  d'autres 
enfin  presque  constamment,  malgr6  la  difference  trkhgrande 
de  leur  nature,  et  quoiqu'elles  puissent  paraftre  eompUlement 
indSpendantes  les  unes  de9  autres."  We  see  something 
analogous  in  certain  diseases :  thus  in  a  rare  affection  of  the 
renal  capsules  (of  which  the  functions  are  unknown),  the 
skin  becomes  bronzed ;  and  in  hereditary  syphilis,  as  I  hear 
from  8ir  J.  Paget,  both  the  milk  and  the  second  teeth 
assume  a  peculiar  and  characteristic  form.  Professor  Bol- 
leston,  also,  informs  me  that  the  incisor  teeth  are  sometimes 

*>  <  Oardenep's   Chron.,'   1843,  p.  p  403.    See  also  H.  Camillt  Dartate, 

977.  '  Racherohas  sor  las  Conditiou^'  A«. 

••  Ibid.,  1845,  p.  102.  1863,  pp.  16, 48. 
**  •  Hiat.  daa  Anomaliat,'  torn.  iii. 
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fumished  with  a  yascnlar  rim  in  correlation  with  intra- 
pnlmonary  deposition  of  tul^ercles.  In  other  cases  of  phthisis 
and  of  cyanosis  the  nails  and  finger-ends  become  dubbed  like 
acorns.  I  believe  that  no  explanation  has  been  offered  of 
these  and  of  many  other  cases  of  correlated  disease. 

What  can  be  more  carious  and  less  intelligible  than  tlic 
fact  previously  given,  on  the  authority  of  Mr.  Tegetmeier, 
that  young  pigeons  of  all  brioeds,  which  when  mature  have 
white,  yellow,  silver-blue,  or  dun-coloured  plumage,  come  out 
of  tlie  egg  almost  naked ;  whereas  pigeons  of  other  coloura 
when  first  bom  are  clothed  with  plenty  of  down  ?  White 
Pea-fowls,  as  has  been  observed  both  in  England  and  France,^ 
and  as  I  have  mjrself  seen,  are  inferior  in  size  to  the  common 
coloured  kind;  and  this  cannot  be  accounted  for  by  the 
belief  that  albinism  is  always  accompanied  by  constitutional 
weakness;  for  white  or  albino  moles  are  generally  larger 
than  the  common  kind. 

To  turn  to  more  important  characters :  the  niata  cattle  of 
the  Pampas  are  remarkable  from  their  short  foreheadtj 
upturned  muzzles,  and  curved  lower  jaws.  In  the  skull  the 
nasal  and  premazillary  bones  are  much  shortened,  the 
maxillaries  are  excluded  from  any  junction  with  the  nasals, 
and  all  the  bones  are  slightly  modified,  even  to  the  plane  of 
the  occiput.  From  the  analogous  case  of  the  dog,  hereafter 
to  be  given,  it  is  probable  that  the  shortening  of  the  nasal 
and  adjoining  bones  is .  the  proximate  cause  of  the  other 
modifications  in  the  skull,  including  the  upward  curvature 
of  the  lower  jaw,  though  we  cannot  follow  out  the  Hteps  by 
which  these  changes  have  been  effected. 

Polish  fowls  have  a  large  tuft  of  feathers  on  thoir  heads ; 
and  their  skulls  are  perforated  by  numerous  holes,  so  that  a 
pin  can  be  driven  into  the  brain  without  touching  any  bone, 
lliat  this  deficiency  of  bone  is  in  some  way  connected  with 
the  tuft  of  feathers  is  clear  from  tufted  ducks  and  geese 
likewise  having  perforated  skulls.  The  case  would  probably 
be  considered  by  some  anthers  as  one  of  balancement  or 
compensation.    In  the  chapter  on  Fowls,  I  have  shown  that 

**  IU7.  E.  S.  DiioQ,  *  OroBincDtal  QeoiTroj,  *  Hut.  Anomalies,'  torn.  L 
Poultry,'    1848,    p.     Ill;     Isidoro      p.  211. 
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with  Folish  fowls  the  toft  of  feathers  was  probably  at  first 
small;  by  continued  selection  it  became  larger,  and  then 
rested  on  a  fibrous  mass;  and  finally,  as  it  became  still 
larger,  the  sknll  itself  became  more  and  more  protuberant 
until  it  acquired  its  present  extraordinary  6truoture.  Through 
correlation  with  the  protuberance  of  the  skull,  the  shape 
and  even  the  relative  connection  of  the  premaxillary  and 
nasal  bones,  the  shape  of  the  orifice  of  the  nostriln,  the 
breadth  of  the  frontal  bone,  the  shape  of  the  post-lateral 
processes  of  the  frontal  and  squamoscd  bones,  aad  the 
direction  of  the  bony  cavity  of  the  ear,  have  all  been 
modified.  The  internal  configuration  of  the  skull  and  the 
whole  shape  of  the  brain  have  likewise  icon  altered  in  a 
truly  marvellous  manner. 

After  this  case  of  the  Polish  fowl  it  would  be  superfluous 
to  do  more  than  refer  to  the  details  previously  given  on  the 
manner  in  which  the  changed  form  of  the  comb  has  afiected 
the  skull,  in  various  breeds  of  the  fowl,  causing  by  correlation 
crests,  protuberances,  and  depressions  on  its  surface. 

With  our  cattle  and  sheep  the  horns  stand  in  close  cod 
nection  with  the  size  of  the  skull,  and  with  the  shape  of  the 
frontal  bones ;  thus  Cline^^  found  that  the  skull  of  a  homed 
ram  weighed  five  times  as  much  as  that  of  a  hornless  ram  of 
the  same  age.  When  cattle  become  hornless,  the  frontal 
bones  are  "materially  diminished  in  breadth  towards  the 
'*  poll ; "  and  the  cavities  between  the  bony  plates  **  are  not  so 
"  deep,  nor  do  they  extend  boj'ond  the  frontals."*' 

It  may  be  well  here  to  pause  and  observe  how  the  efiects  of 
correlated  variability,  of  the  increased  use  of  parts,  and  of  the 
accumulation  of  so-called  spontaneous  variations  through 
natural  selection,  are  in  many  cases  inextricably  commingled. 
We  may  borrow  an  illustration  from  Mr.  Herbert  Spencer,  who 
remarks  that,  when  the  Irish  elk  acquired  its  gigantic  horns, 
weighing  above  one  hundred  pounds,  numerous  co-ordinated 
changes  of  structure  would  have  been  indispensable, — namely, 
a  thickened  skull  to  carry  the  horns ;  strengthened  cervical 

**  *  On  the  Breeding  of  Domestic  Animals,*  1829,  p.  6. 
*•  Yonati  on  Cattle,  1834,  p.  283. 
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veriebro,  with  strengthened  ligaments;  enlarged  dorsal 
vertebne  to  support  the  neck,  with  powerful  fore-legs  and 
feet;  all  these  parts  being  supplied  with  proper  muscles, 
blood-vessels,  and  nerves.  How  then  could  these  admirably 
co-ordinated  modifications. of  structure  have  been  acquired? 
According  to  the  doctrine  which  I  maintain,  the  horns  of  the 
male  elk  were  slowly  gained  through  sexual  selection, — tliat 
is,  by  the  best-armed  males  conquering  the  worse-armed,  and 
leaving  a  greater  number  of  descendants.  But  it  is  not  at  all 
necessary  that  the  several  parts  of  the  body  should  have 
simultaneously  varied.  Each  stag  presents  individual  charac- 
teristics, and  in  the  same  district  those  which  had  slightly 
heavier  horns,  or  stronger  necks,  or  stronger  bodies,  or  were 
the  most  courageous,  would  secure  the  greater  number  of 
does,  and  consequently  have  a  greater  number  of  ofSspring. 
I'he  o£&pring  would  inherit,  in  a  greater  or  less  degree,  these 
same  qualities,  would  occasionally  intercross  with  one  another, 
or  with  other  individuals  varying  in  some  favourable  manner ; 
and  of  their  ofispring,  those  which  were  the  best  endowed  in 
any  respect  would  continue  multiplying ;  and  so  onwards, 
always  progressing,  sometimes  in  one  direction,  and  liome- 
times  in  another,  towards  tlie  excellently  co-ordinated  sti-uc- 
ture  of  the  male  elk.  To  make  this  clear,  let  us  reflect  on 
the  probable  steps,  as  shown  in  the  twentieth  chapter,  by 
which  our  race  and  dray  horses  have  arrived  at  their  present 
state  of  excellence;  if  we  could  view  the  whole  series  of 
intermediate  forms  between  one  of  these  animals  and  an  early 
unimproved  progenitor,  we  should  behold  a  vast  number  of 
animals,  not  equally  improved  in  each  generation  throughout 
their  entire  structure,  but  sometimes  a  little  more  in  one 
point,  and  sometimes  in  another,  yet  on  the  whole  gnulually 
approaching  in  character  to  our  present  race  or  dray  horses, 
which  are  bo  admirably  fitted  in  the  one  c  «8e  for  fleetness  and 
in  the  other  for  draught. 
Although  natural  selection  would  thus  ^^  tend  to  give  to 

^  Mr.  Herbert  Speneer  ('  Priaciplet  *'  faculties  mnltipl jr,  and  as  last  as 

of  Biology,'   1864,  vol.   i.   pp.  452,  '*  the  number   of   orgaos    that  co- 

468)  takes  a  different  Tiew;  and  in  one  '*  operate    in    any    given    fanction 

place  remarks  !**  We  have  seen  reason  'Mnoreases,     indirect     equilibration 

**  to  think  that,  as  fast  as  essential  **  through  natural  selection  liecomw 
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tho  male  elk  its  pieflent  straoture,  yet  it  is  probable  that  tbe 
inherited  effects  of  use,  and  of  the  mutual  action  of  part  on 
part,  have  been  equally  or  more  important.  As  the  horns 
gradually  increased  in  weight  the  muscles  of  the  neck,  with 
the  bones  to  which  they  are  attached,  would  increase  in  size 
and  strength ;  and  those  parts  would  react  on  the  body  and 
legs.  Nor  must  we  OTcrlook  the  fact  that  certain  parts  of 
the  skull  and  the  extremities  would,  judging  by  analogy, 
tend  from  the  first  to  -vary  in  a  correlated  manner.  The 
increased  weight  of  the  horns  would  also  act  directly  on  the 
skuU,  in  the  same  manner  as  when  one  bone  is  remoTcd  in 
the  leg  of  a  dog,  the  other  bone,  which  has  to  carry  the  whole 
weight  of  the  body,  increases  in  thickness.  But  from  the 
fact  given  with  respect  to  homed  and  hornless  cattle,  it  is 
probable  that  the  horns  and  skull  would  immediately  act  on 
each  other  through  the  principle  of  correlation.  Lastly,  the 
growth  and  subsequent  wear  and  tear  of  the  augmented 
muscles  and  bones  would  require  an  increased  supply  of 
blood,  and  consequently  increased  supply  of  food ;  and  this 
again  would  require  increased  powers  of  mastication,  diges- 
tion, respiration,  and  excretion. 

Colour  a$  Ojrrelaied  with  OonHUuiional  PecuUarUies. 

It  is  an  old  belief  that  with  man  there  is  a  connection 
between  complexions  and  constitution ;  and  I  find  that  some 
of  the  best  authorities  believe  in  this  to  the  present  day.'* 
Thus  Dr.  Beddoe  by  his  tables  shows  '*  that  a  relation  exists 
between  liability  to  consumption  and  the  colour  of  the  hair, 
eyes,  and  skin.  It  has  been  affirmed^®  that,  in  the  French 
army  which  invaded  Ru>sia,  soldiers  having  a  dark  complexion 
from  the  southern  parts  of  Europe,  withstood  the  intense 


'*  iMt  and  lew  capable  of  producing  oar    domesticated    quadrapeds    and 

**  specific  adaptations ;  and  remains  birds. 

**  fully  capabM  onlj  of  maintaining  **  Dr.  Prosper   Lucas  apparently 

**  the  general  fitness  of  constitution  dibbelieyes  in  anj  sudi  connection ; 

"  to   conditions."     This  yiew   that  *  L'H^rM.  Nat,'  torn.  ii.  pp.  88-94. 

natural  selection  can   do   little   in  **  <  British  Medical  Jonraal/ 1862, 

modifying  the  higher  animals  sur-  p.  433. 

prises  me,  seeing  that  man's  selection  ^  Bondin,    *  Gi^aph    Medicals, 

has  undoubtedly  e£bcted  much  with  torn.  L  p.  406. 
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oold  bettor  than  those  with  lighter  oomploxions  from  the 
north;  but  no  donbt  snoh  statements  are  liable  to  error. 

In  the  second  chapter  on  Selection  I  have  given  sev^ural 
cases  proving  that  with  animals  and  plants  differences  in 
colour  are  correlated  with  constitutional  differences,  as  shown 
by  greater  or  less  immunity  from  certain  diseases,  from  the 
attacks  of  parasitic  plants  and  animals,  from  scorching  by  the 
sun,  and  from  the  action  of  certain  poisons.  When  all  the 
individuals  of  any  one  variety  ])08soss  an  immunity  of  this 
nature,  we  do  not  know  that  it  stands  in  any  sort  of  correlation 
with  tlicir  colour;  but  when  several  similarly  ooloui^ 
varieties  of  the  same  species  are  thus  characterised,  whilst 
other  coloured  varieties  are  not  thus  favoured,  we  must  believe 
in  the  existence  of  a  correlation  of  tliis  kind.  Thus,  in  the 
United  States  purple-fruited  plums  of  many  kinds  are  fur 
more  affected  by  a  certain  disease  than  green  or  yellow-fruited 
varieties.  On  the  other  hand,  yellow-fleshed  peaches  of 
various  kinds  suffer  from  another  disease  much  more  than  the 
white-fleshed  varieties.  In  the  Mauritius  red  sugar-canes 
are  much  less  affected  by  a  particular  disease  than  the  white 
canes.  White  onions  and  verbenas  are  the  most  liable  to 
mildpw ;  and  in  Spain  the  green  fruited  grapes  suffered  from 
the  vine-disease  more  than  other  coloured  varieties.  Dark- 
coloured  pelargoniums  and  verbenas  are  more  scorched  by  the 
sun  than  varieties  of  other  colours.  Bed  wheats  are  believed 
to  be  hardier  than  white :  and  red-flowered  hyacinths  were 
more  injured  during  one  particular  winter  in  Holland  than 
other  coloured  varieties.  With  animals,  white  terriers  suffer 
most  from  the  distemper,  white  chickens  from  a  parasitic 
worm  in  their  tracheiB,  white  pigs  from  scorching  by  the  sun, 
and  white  cattle  from  flies ;  but  the  caterpillars  of  the  silk- 
moth  which  yield  white  cocoons  suffered  in  France  less  from 
1  he  deadly  parasitic  fungus  than  those  producing  yellow  silk. 

The  cases  of  immunity  from  the  action  of  certain  vegetable 
poisons,  in  connexion  with  colour,  are  more  interesting,  and 
are  at  present  wholly  inexplicable.  I  have  already  given  a 
remarkable  instance,  on  the  authority  of  Professor  VVyman,  of 
all  the  hogs,  excepting  those  of  a  black  colour,  suffering 
severely  in  Virginia  from  eating  the  root  of  the  LachnantJtr$ 
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iincioria.  According  to  Spinola  and  others,^^  buckwheat  (Pciy* 
gonum  fagopyrum),  when  in  flower,  is.  highly  injurioiiB  to  white ' 
or  white-spotted  pigs,  if  they  are  exposed  to  the  heat  of  the* 
Bun,  but  is  quite  innocuous  to  black  pigs.  According  to  two 
accounts,  the  Hypericam  critpum  in  Sicily  is  poisonous  to  white 
sheep  alone ;  their  heads  swell,  their  wool  falls  off,  and  they 
often  die ;  but  this  plant,  according  to  Lecce,  is  poisonous 
only  when  it  grows  in  swamps ;  nor  is  this  improbable,  as 
we  know  how  readily  the  poisonous  principle  in  plants  is 
influenced  by  the  oonditions  under  which  they  grow. 

Three  accounts  have  been  published  in  Eastern  Prussia,  of 
white  and  white- spotted  horses  being  greatly  injured  by 
eating  mildewed  and  honoydewod  vetches ;  every  spot  of  skin 
bearing  whito  hairs  becoming  inflamed  and  gangrenous.  Tho 
Kev.  J.  Bod  well  informs  me  that  his  father  turned  out  about 
fifteen  cart-horses  into  a  field  of  tares  which  in  parts  swarmed 
with  black  aphides,  and  which  no  doubt  were honeyde wed,  and 
probably  mildewed;  the  horses,  with  two  exceptions,  were 
chestnuts  and  bays  with  white  marks  on  their  faces  and 
pasterns,  and  the  white  parts  alone  swelled  and  became  angry 
scabs.  The  two  bay  horses  with  no  white  marks  entirely 
escaped  all  injury.  In  Guernsey,  when  horses  eat  fool's 
parsley  {JSthu$a  cynapium)  they  are  sometimes  violently 
piirged;  and  this  plant  "has  a  peculiar  effect  on  the  nose 
and  lips,  causing  deep  cracks  and  ulcers,  particularly  on 
horses  with  white  muzzles."*^  With  cattle,  independently 
of  the  action  of  any  poison,  cases  have  been  published  by 
Youatt  and  Erdt  of  cutaneous  diseases  with  much  consti- 
tutional disturbance  (in  one  instance  after  exposure  to  a  hot 
sun)  affecting  every  single  point  which  bore  a  whito  hair,  but 
completely  passing  over  other  parts  of  the  body.  Similar 
cases  have  been  olieorved  with  horsos.^^ 

*^  This  fact  nnd  the  following  CAMS,  enting  buckwheat;   whilst  black  or 

when  not  stated  to  the  contrary,  are  dark-wooUed  indlTidnals  are  not  in 

taken  from  a  vnj  earioos  paper  hj  the  least  affected. 

Prof.  Heosinger,  in  « Wochen8chnl^  ^  Mr.  Mogford,  in   the  'Veteri- 

fUr  Heilkunde,'  May,  1846,  a.  277.  narian,'  quoted  in  *The  Field,' Jan. 

Settegast  ('  !>>«  Thiersacht,'  1868,  p.  22,  1861,  p.  545. 

89)  saya  that  white  or  white-epotted  **  '  Edinbargh  Veteriiuury  Joarna* 

•heep  suffer  like  pigs,  or  CTen  die  from  Oct.  1S60,  p.  347. 


it 
« 
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We  {huB  see  that  not  only  do  those  parts  of  the  skin  which 
bear  white  hair  differ  in  a  remarkable  manner  from  those 
bearing  hair  of  any  other  colour,  bnt  that  some  great  consti- 
tutional difference  must  be  correlated  with  the  colour  of  the 
liair;  for  in  the  abore-mentioned  cases,  Tegetable  poisons 
caused  fever,  swelling  of  the  head,  as  well  as  other  symptoms, 
and  even  death,  to  all  the  white,  or  whitenspotted  animals. 
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CHAPTEE  XXVI. 
ULWS  OF  vARiATioir,  eontinned — bummart. 

ins  FUnON  OF  homologous  parts — THE  TABIABIUTT  OF  UUVrmM  AHD 
HOMOLOGOUS  PABTS-^^OOMPBNSATION  OF  QBOWTH— MSOHAHIOAL  PBHSUBS 
— BBLATITH  FOSITlOir  OF  FL0WBK8  WITH  BBSPBOT  TO  TOH  AXIBi  AHD  OF 
SBBD6  IN  THB  OTABT,  AS  INDUOINa  TABXATIOIT — ^AHALOGOUS  OB  PABALLIL 
yABUnSS — BUMMABT  OF  THB  THBBB  LAST  0HAPTBB8. 

Hui  Funcn  of  Homologoua  Parts, — Geof&oy  Saini-Hilaire 
formerly  propounded  what  he  called  la  hi  de  FaffinUS  de  wi 
pour  fot,  whioh  has  been  discoBsed  and  illustrated  by  his  son, 
Isidore,  with  respect  to  monsters  in  the  animal  kingdom,^ 
and  by  Moquin-Tandon,  with  respect  to  monstrous  plants. 
This  law  seems  to  imply  that  homologous  parts  actually 
attract  one  another  and  then  unite.  No  doubt  there  are 
many  wonderful  cases,  in  which  such  parts  become  intimately 
fused  together.  This  is  perhaps  best  seen  in  monsters  with 
two  heads,  which  are  united,  summit  to  summit,  or  face  to 
face,  or  Janus-like,  back  to  back,  or  obliquely  side  to  side. 
In  one  instance  of  two  heads  united  almost  face  to  face,  but  a 
little  obliquely,  four  ears  were  developed,  and  on  one  side  a 
perfect  face,  which  was  manifestly  formed  by  the  fasion  of 
two  half-faces.  Whenever  two  bodies  or  two  heads  are 
united,  each  bone,  muscle,  vessel,  and  nerve  on  the  line  of 
junction  appears  as  if  it  had  sought  out  its  fellow,  and  had  be- 
come completely  fused  with  it.  Lereboullet,'  wjio  carefully 
studied  the  development  of  double  monsters  in«  fishes,  observed 
in  fifteen  instances  the  steps  by  which  two  heads  gradually 
became  united  into  one.  In  all  such  cases  it  is  now  thought 
by  the  greater  number  of  capable  judges  that  the  homolo* 
gous  parts  do  not  attract  each  other,  but  that  in  the  words 
of  Mr.  Lowne : '    *'  As  union  takes  place  before  the  diflferentia- 

^  *  Hist.  d«s  ABomalies,'  1832,  torn.  •  'GaUlogae  of  th«  Teratologictl 

i.  pp.  22,  587-4^ ;  torn.  iii.  p.  462.  Series  in  ilie  Mnaeam  of  ilie  R.  Coll, 

*  *  Comptcs  Rendus,'  1855,  pp.  855,  of  Sargeom,'  1872,  p.  ztL 
1099. 
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'*  tion  of  diBtinct  organs  oocora,  these  are  formed  in  oontinuitj 
**  with  each  other."  He  adds  that  organs  already  differenti- 
ated probably  in  no  case  become  united  to  homologous  ones. 
M.  Dareste  does  not  speak^  quite  decisively  against  the  law  of 
aai  pour  soif  but  concludes  by  saying,  **  On  so  rend  parfaitement 
*-  compte  de  la  formation  des  monstres,  si  Ton  admet  que  los 
"^  embryons  qui  se  soudont  appartionneut  il  un  in<}mo  ounf ; 
**  qu'ils  s*uuiHsont  on  mdmo  temps  qu41s  so  formont,  et  quo  hi 
**  soudure  ne  se  produitquo  pendant  la  premiere  poriode  do  la 
**  vie  ombryonnaiit),  cello  ou  les  organes  ne  sent  encore  con* 
"  stituds  que  par  des  blast^mes  homog^nes.*' 

By  whatever  means  the  abnormal  fusion  of  homologous 
paits  is  effected,  such  cases  throw  light  on  the  frequent 
presence  of  organs  which  are  double  during  an  embryonic 
period  (and  throughout  life  in  other  and  lower  members  of  Uie 
same  class)  but  which  afterwards  unite  by  a  normal  process 
into  a  single  medial  organ.  In  the  vegetable  kingdom  Moquin- 
Tandon^ .  gives  a  long  list  of  cases,  showing  how  frequently 
homologous  parts,  such  as  leaves,  petals,  stamens,  and  pistils, 
flowers,  and  aggregates  of  homologous  parts,  suoh  as  buds, 
as  well  as  fruit,  become  blended,  both  normally  and  abnor- 
mally, with  perfect  symmetry  into  one  another. 

The  Variability  of  MuUipU  and  Homologotu  Porta, — Isidore 
Geodroy*  insists  that,  whon  any  part  or  organ  is  rcpoatod 
many  times  in  the  same  animal,  it  is  particularly  liublo  to 
vary  both  in  number  and  structure.  With  respect  to  number, 
the  proposition  may,  I  think,  be  considered  as  fully  estab- 
lished; but  the  evidence  is  chiefly  derived  from  organic 
beings  living  under  their  natural  conditions,  with  which  we 
are  not  here  concerned.  Whenever  such  parts  as  the  vertebrte 
or  teeth,  the  rays  in  the  fins  of  fishes,  or  the  feathers  in 
the  tails  of  birds,  or  petals,  stamens*  pistils,  or  seeds,  are  very 
numerous,  the  number  is  generally  variable.  With  respect  to 
the  structure  of  multiple  parts,  the  evidence  of  variability  is 
not  so  decisive ;  but  the  fact,  as  far  as  it  may  be  trusted, 

^  *  Archives  deZoolog.  Ex  p({r.,' Jan.,  *  'Hist,   des  Anomallet,'  torn.  iii. 

1874,  p.  78.  pp.  4,  5,  6. 

•  *  TiSratologie  V^g.,'  1841,  lirre  iii. 
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probably  depends  on  multiple  parts  being  of  less  physiological 
importance  than  single  parts;  consequently  their  structm^ 
has  been  less  rigorously  guarded  by  natural  selection. 

Compensation  of  OrowUi^  or  Balancement — ^This  .  law,  as 
applied  to  natural  species,  wtfs  propounded  by  Goethe  and 
Geoffrey  Saint-EUlaire  at  nearly  the  same  time.  It  implies 
that,  when  much  organised  matter  is  used  in  building  up 
some  one  part,  other  parts  are  starred  and  become  reduced. 
Several  authors,  especially  botanists,  beUeve  in  this  law; 
others  reject  it.  As  far  as  I  can  judge,  it  occasionally  holds 
good ;  but  its  importance  has  probably  been  exaggerated.  It 
is  scarcely  possible  to  distinguish  between  the  supposed 
effects  of  such  compensation,  and  the  effects  of  long-continued 
selection  which  may  lead  to  the  augmentation  of  one  part, 
and  simultaneously  to  the  diminution  of  another.  Anyhow, 
there  can  be  no  doubt  that  an  organ  may  be  greatly  increased 
without  any  corresponding  diminution  of  an  adjoining  part. 
To  recur  to  our  former  illustration  of  the  Irish  elk,  it  may  be 
asked  what  part  has  suffered  in  consequence  of  the  immense 
development  of  the  horns? 

It  has  already  been  observed  that  the  struggle  for  existence 
does  not  bear  hard  on  our  domesticated  productions,  and  con- 
sequently the  principle  of  economy  of  growth  will  seldom 
come  into  play,  so  that  we  ought  not  to  expect  to  find  with 
them  frequent  evidence  of  compensation.  We  have,  however, 
some  such  cases.  Moquin-Tandon  describes  a  monstrous  bean,' 
in  which  the  stipules  were  enormously  developed,  and  the 
leaflets  apparently  in  consequence  completely  aborted ;  this 
case  is  interesting,  as  it  represents  the  natural  condition  of 
Lathyrua  aplutca^  with  its  stipules  of  great  size,  and  its  leaves 
reduced  to  mere  threads,  which  act  as  tendrils.  De  Can- 
dolle '  has  remarked  that  the  varieties  of  Baphanua  Miifms 
which  have  small  roots  yield  numerous  seed  containing  much 
oil,  whilst  those  with  large  roots  are  not  productive  in  oil ; 
a  ad  so  it  is  with  Brauica  cuperifolia.      The  varieties  of 

'  <T^niologie  V^g./  p.  156.    See      1875,  p.  202. 
•Ibo  mj  book  on  '  The  MoremenU  and  *  'M^moires    da    Afiueuai,'    Ac., 

Habits  of  Climbing  Plants,'  2nd  edit,       torn.  riii.  p.  178. 
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Cucarbita  jpepo  whioh  bear  large  fruit  yield  a  small  crop, 
aooording  to  Naudin;  whilst  those  producing  small  fruit 
yield  a  Yast  number.  Lastly,  I  have  endeayoured  to  show  in 
the  eighteenth  chapter  that  with  many  cultivated*  plants 
unnatural  treatment  checks  the  frill  and  proper  action  of  the 
reproductiye  org^ans,  and  they  are  thus  rendered  more  or  less 
sterile ;  consequently,  in  the  way  of  compensation,  the  fruit 
Ijooomes  greatly  eidarged,  and,  in  double  flowers,  the  petals 
are  greatly  increased  in  number, 

.  With  animals,  it  has  been  found  difficult  to  produce  cows 
which  yield  much  milk,  and  are  afterwards  capable  of  fatten- 
ing well.  With  fowls  which  have  large  top-knots  and  beards 
the  comb  'and  wattles  are  generally  much  reduced  in  size ; 
though  there  are  exceptions  to  this  rule.  Perhaps  the  entire 
absence  of  the  oil-gland  in  &ntail  pigeons  may  be  connected 
with  the  great  development  of  their  tails. 

JtfeeftanteaZ  Freiture  at  a  Ckaue  of  Modtficaiians, — In  some 
few  cases  there  is  reason  to  believe  that  mere  mechanical 
pressure  has  affected  certain  structures.  Yrolik  and  Weber* 
maintain  that  the  shape  of  the  human  head  is  influenced  by 
the  shape  of  the  mother*s  pelvis.  The  kidneys  in  different 
birds  differ  much  in  form,  and  St.  Ange  ^®  believes  that  this 
is  determined  by  the  form  of  the  pelvis,  which  again,  no 
doubt,  stands  in  dose  relation  with  their  power  of  locomotion. 
In  snakes,  the  viscera  are  curiously  displaced,  in  comparison 
with  their  position  in  other  vertebrates ;  and  this  has  been 
attributed  by  some  authors  to  the  elongation  of  their  bodies ; 
but  here,  as  in  so  many  previous  cases,  it  is  impossible  to 
disentangle  a  direct  result  of  this  kind  from  that  consequent 
on  natural  selection.  Godron  has  argued  ^^  that  the  abortion 
of  the  spur  on  the  inner  side  of  the  flowers  in  Ooiydalis,  is 
caused  by  the  buds  at  a  very  early  period  of  growtti  whilst 
underground  being  closely  pressed  against  one  another  and 
against  the  stem.  Some  botanists  believe  that  the  singular 
difference  in  the  shape  both  of  the  seed  and  corolla,  in  the 

*  Prichard,  *  Phjt.  Hiat.  of  Man-      aeriai,  torn.  six.  p.  327. 
kind/  1851,  toI.  i.  p.  324.  "  'Comptts  Raudiu,'  Dm.  1864,  p 
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interior  and  exterior  florets  in  certain  Compoeitons  and 
Umbelliferona  plants,  is  dne  to  the  pressure  to  which  the 
inner  florets  are  subjected ;  but  this  oondusion  is  doubtful. 

The  facts  just  giTon  do  not  relate  to  domesticated  produc- 
tions, and  therefore  do  not  strictly  concern  us.  But  here  is 
a  more  appropriate  case:  H.  MuUer^^  has  shown  that  in 
shortfaced.  races  of  the  dog  some  of  the  molar  teeth  are  placed 
in  a  slightly  different  position  to  that  which  they  occupy 
in  other  dogs,  especially  in  those  having  elongated  muzzles ; 
and  as  he  remarks,  any  inherited  change  in  the  arrangement 
of  the  teeth  deserves  notice,  considering  their  dassificatory 
importance.  This  difference  in  position  is  due  to  the  shorten- 
ing of  certain  facial  bones  and  the  consequent  want  of  space ; 
and  the  shortening  results  from  a  peculiar  and  abnormal  state 
of  the  embryonal  cartilages  of  the  bones. 

BelcUioe  Position  of  Flowers  with  respect  to  the  Axis^  and  of  Seeds 

in  Ae  Ovary  f  as  inducing  VariaUon, 

In  the  thirteenth  chapter  various  peloric  flowers  were  described, 
and  their  production  was  shown  to  be  due  either  to  arrested 
development,  or  to  reversion  to  a  primordial  condition.  Moquin- 
Tondon  has  remarked  that  the  flowers  which  stand  on  the  summit 
of  the  main  stem  or  of  a  lateral  branch  are  more  liable  to  become 
peloric  than  those  on  the  sides;'*  and  he  adduces,  amongst  other 
mstances,  that  of  Teuerium  eampanulatum.  In  another  Labiate 
plant  grown  by  me,  viz.  the  Oaledbdolon  luteum,  the  peloric  flowers 
were  always  produced  on  the  summit  of  the  stem,  where  flowers  are 
not  usually  borne.  In  Pelargonium,  a  single  flower  in  the  truss  is 
frequently  peloric,  and  when  this  occurs  I  have  during  several  years 
invariably  obserred  it  to  be  the  central  flower.  This  is  of  such 
frequent  occurrence  that  one  observer*^  gives  the  names  of  ton 
varieties  flowering  at  the  same  time,  in  every  one  of  which  the 
central  flower  was  peloric.  Occasionally  more  than  one  flower  in 
the  truss  ia  peloric,  and  then  of  course  the  additional  ones  must  be 
lateral.  These  flowers  are  interesting  as  showing  how  the  whole 
structure  is  correlated.  In  the  common  Pelargonium  the  upper 
sepal  is  produced  into  a  nectary  which  coheres  with  the  flower- 
peduncle;  the  two  upper  petals  differ  a  little  in  shape  from  the 
three  lower  ones,  and  are  marked  with  dark  shades  of  colour;  the 
stamens  are  graduated  in  length  and  upturned.    In  the  peloric 


"  «  Ueber  HStale  Rachita/'  *  WUrz-  "  <  Ttf ratologie  V^g.,'  p.  192. 

burger  MwUcin.  Zoitschrift,'  I860,  B.  **  *  Joamia  of  Horticulture,'  July 
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flowers,  tlie  nectary  aborts;  all  the  petals  become  alike  both  in  shape 
aod  colour;  the  stamens  are  generally  reduced  in  number  and 
become  straight,  so  that  the  whole  flower  resembles  that  of  the 
allied  genus  Erodium.  The  oorrehiiion  between  these  changes  is 
well  shown  when  one  of  the  two  upper  petals  alone  loses  its  dark 
mark,  for. in  this  case  the  nectary  does  not  entirely  abort,  but  is 
usually  much  reduced  in  length.^ 

Morren  has  described"  a  marrellous  flask-shaped  flower  of  the 
Calceolaria,  nearly  four  inches  in  length,  which  was  almost  completely 
f)eloric;  it  grew  on  the  summit  of  the  plant,  with  a  normal  flower 
on  each  sicie;  Prof.  Wostwood  also  has  described  ^^  three  similar 
|X)loric  flowers,  which  all  occupied  a  central  position  on  the  flower^ 
brunches.  In  the  Orchidcous  genus,  Plialsdnopsis,  the  terminal 
flower  has  been  seen  to  become  peloric. 

In  a  Laburnum-tree  I  observed  that  about  a  fourth  jMurt  of  the 
racemes  produced  terminal  flowers  which  had  lost  their  papilionaceous 
structure.  These  were  produced  after  almost  all  the  other  flowers 
on  the  same  racemes  had  withered.  The  most  perfectly  pelorised 
examples  had  six  petals,  each  marked  with  black  stria  like  those  on 
the  standard-petal.  The  keel  seemed  to  resist  the  change  more  than 
the  other  petals.  Dutrochet  has  described  "  an  exactly  similar  case 
in  France,  and  I  believe  those  are  the  only  two  instances  of  pelorism 
in  tho  laburnum  which  have  boon  recorded.  Dutrochet  remarks 
tliat  the  racemes  on  this  tree  do  not  properly  produce  a  terminal 
flower,  so  that  (as  in  the  case. of  the  Qaleobdolon)  their  position  as 
well  as  structure  are  both  anomalies,  which  no  doubt  are  in  some 
manner  related.  Dr.  Masters  has  briefly  described  another  leguminous 
plant,''  namely,  a  species  of  clover,  in  which  the  uppermost  and  central 
flowers  were  regular  or  had.  lost  their  papilionaceous  structure. 
In  some  of  these  plants  the  flower-heads  were  also  proliferous. 

Lastly,  Linaria  produces  two  kinds  of  peloric  flowers,  one  having 
simple  petals,  ana  the  otlier  having  them  all  spurred.  Tho  two 
forms,  as  Naudin  remarks,'^  not  rarely  occur  on  the  same  plant,  but 
in  this  case  the  spurr^  form  almost  invariably  stands  on  the 
summit  of  the  spike. 

The  tendency  in  the  terminal  or  central  flower  to  become  peloric 
more  frequently  than  the  other  flowers,  probably  results  from  "  the 
"  bud  which  stands  on  the  end  of  a  shoot  receiving  tlie  most  sap; 
"  it  grows  out  into  a  stronger  shoot  than  those  situated  lower 


"  It  would  be  worth  trial  to  fer- 
tiliBO  with  the  same  pollen  the  central 
and  lateral  flowen  of  the  pelargo- 
nium, or  of  other  highly  cultiyated 
plants,  protecting  them  of  course 
from  insects :  then  to  sow  the  seed 
separately,  and  obserye  whether  the 
one  or  the  other  lot  of  seedlings 
raried  the  most. 

>*  Quoted   in   <  Journal   of  Horti- 


culture,' Feb.  24,  1863,  p.  152. 

"  'Oardener'a  Chronicle,'  1866,  p. 
612.  For  the  Phalsnopsis,  sm  ibid., 
1867,  p.  211. 

^*  M^moires  .  .  des  T^gdtaujc,' 
1837,  tom.  ii.  p.  170. 

"  *  Journal  of  Horticulture,*  July 
23,  1861,  p.  311. 

**  'Nouvelles  Archives  du  Mnsdumi 
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"  dowu.*'*^  I  liave  discuBsed  the  connection  between  pelorisni  and 
a  central  position,  partly  because  some  few  plants  are  known  nor« 
mally  to  produce  a  terminal  flower  different  in  structure  from 
the  lateral  ones;  but  chiefly  on  account  of  the  following  case,  in 
which  we  see  a  t^denoy  to  yariability  or  to  reyersion  connected 
with  the  same  position.  A  great  jud^  of  Auriculas"  states  that 
when  one  throws  up  a  side  bloom  it  is  pretty  sure  to  keep  its 
character;  but  that  if  it  grows  from  the  oontro  or  heart  or  the 
plant,  whateTer  the  colour  of  the  edging  ought  to  be, "  it  is  just  as 
"  likely  to  come  in  any  other  class  as  in  the  one  to  which  it  properly 
**  belongs."  This  is  so  notorious  a  fact,  that  some  florists  regularly 
pinch  off  the  central  trusses  of  flowers.  Whether  in  the  highly 
improyed  yarieties  the  departure  of  the  central  trusses  from  their 
proper  tyi)e  is  due  to  reyerdon,  I  do  not  know.  Mr.  -Dombrain 
insists  that,  whateyer  may  be  the  commonest  kind  of  imperfection^ 
in  each  yariety,  this  is  generally  exaggerated  in  the  central  truss. 
Thus  one  yariety  "  sometimes  has  the  fault  of  producing  a  little 
"  green  floret  in  the  centre  of  the  flower,*'  and  in  central  blooms  these 
become  excessiye  in  size.  In  some  central  blooms,  sent  to  me  by 
Mr.  Dombrain,  all  the  organs  of  the  flower  were  rudimentary  in 
structure,  of  minute  size,  and  of  a  green  colour,  so  that  by  a  little 
further  change  all  would  haye  been  conyerted  into  small  leayes. 
In  this  case  we  clearly  see  a  tendency  to  prolification — a  term  which 
I  may  explain,  for  those  who  haye  neyer  attended  to  botany,  to  mean 
the  production  of  a  branch  or  flower,  or  head  of  flowers,  out  of 
another  flower.  Now  Dr.  Masters  ^  states  that  the  central  or  upper- 
)no8t  flower  on  a  plant  is  generally  the  most  liable  to  prolification. 
Thus,  in  the  yarieties  of  the  Auricula,  the  loss  of  their  proper 
character  and  a  tendency  to  prohfication,  also  a  tendency  to  pro- 
liHcation  with  pelorism,  are  all  connected  together,  and  are  due 
either  to  arrested  deyelopment,  or  to  reyersion  to  a  former  condition. 

The  following  is  a  more  interesting  cose ;  Metzger  **  cultiyated  in 
Germany  seyeral  kinds  of  maize  brought  from  the  hotter  parte  of 
America,  and  he  found,  as  preyiously  described,  that  in  two  or  three 
generations  the  grains  became  greatly  changed  in  form,  size,  and 
colour ;  and  with  respect  to  two  races  he  expressly  stetes  that  in 
the  first  generation,  whilst  the  lower  grains  on  each  head  retained 
their  proper  character,  the  uppermost  grains  already  began  to  assume 
that  character  which  in  the  tnird  generation  all  the  grains  acquired. 
As  we  do  not  know  the  aboriginal  parent  ot  the  maize,  we  cannot 
tell  whether  these  changes  are  in  any  way  connected  with  reversion. 

In  the  two  following  cases,  reyersion  comes  into  play  and  is  de- 
termined by  the  position  of  the  seed  in  the  capsule.  The  Blue  Imperial 
pea  is  the  offspring  of  the  Blue  Prussian,  and  has  larger  seed  and 

«  Hago  von  Mohl,  <The  VegeUble  1862,  April  29th,  p.  83. 

Cell.'  Kng.  tr.,  1852,  p.  76.  **  '  Transact.  Lino.  Soc.,'  rol.  xxv\^ 

*•  The   Rer.   U.  H.   Dombrain,  in  186t,  p.  360. 

<  Joarnal  of  Horticultnre,'  1801,  June  '<  '  Die  Oetreldcarton,'  1845,  e.  208, 
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broadei  pods  than  its  parent  Now  Mr.  MaBters,  of  CaDterbary,  a 
careful  obBorrer  and  a  xaiaer  of  newvarietieB  of  tho  pea^  states  ** 
that  the  Blue  Imperial  always  has  a  strong  tendency  to  report  to 
its  parenirstock,  and  the  reversion  ''ocoazs  in  this  manner:  the 
''last  (or  uppermost)  pea  in  the  pod  is  frequently  much  smaller 
"  than  the  rest;  and  if  these  small  peas  are  carefully  collected  and 
**  sown  separately,  Tery  many  more,  in  proportion,  will  reyert  to 
**  their  ongin,  than  those  tfucen  from  the  other  parts  of  the  pod." 
Again,  IL  Ohat6  ^  says  that  in  raismg  seedling  stocks  he  succeeds 
in  getting  eighty  per  cent,  to  bear  double  flowers,  by  leaying  only 
a  few  of  the  secondary  branches  to  seed ;  but  in  addition  to  this, 
"  at  the  time  of  extracting  the  seeds,  the  upper  portion  of  the  pod 
**  is  separated  and  pkused  aside,  because  it  has  been  ascertained 
**  that  we  plants  coming  fhxm  the  seeds  situated  in  this  portion  of 
"the  pod,  giTe  eighty  per  cent,  of  single  flowers."  Now  the  pro- 
duction of  single-flowenng  plants  from  the  seed  of  double-flowering 
plants  is  clearly  a  case  of  reversion.  These  latter  fietcts,  as  well  as 
the  .connection  between  a  central  position  and  pelorismand  pro- 
lification,  show  in  an  interesting  manner  how  small  a  difforence — 
namely,  a  little  greater  or  loss  freedom  in  the  flow  of  sap  towards 
one  part  of  the  plant — determines  important  changes  of  structure. 

AnalogouB  or  Parallel  Variation. —  By  this  term  I  mean 
that  similar  cbaraoters  occasionally  make  their  appearance 
in  the  severa]  varieties  or  races  descended  from  the  same 
species,  and  more  rarelj  in  the  offspring  of  widely  distinct 
species.  We  are  here  oonoemod,  not  as  hitherto  with  the 
causes  of  variation,  but  with  the  results ;  but  this  discussion 
oould  not  havo  been  more  conveniently  introduced  elsewhere, 
llie  cases  of  analogous  variation,  as  far  as  their  origin  is 
oonoemed,  may  be  grouped,  disregarding  minor  subdivisions, 
under  two  main  heads ;  firstly,  those  due  to  unknown  causes 
acting  on  similarly  constituted  organisms,  and  which  oon- 
sequently  have  varied  in  a  similar  manner ;  and  secondly, 
those  due  to  the  reappearance  of  characters  which  were 
possessed  hy  a  more  or  less  remote  progenitor.  But  these 
two  main  divisions  can  often  be  separated  only  oonjeo- 
turally,  and  graduate,  as  we  shall  presently  see,  into  each 
other. 

Under  the  flrst  head  of  analogous  variations,  not  due  to  reversion, 
we  have  the  many  cases  of  trees  belonging  to  quite  different  orders 
which  have  produced  pendulous  and  flutigate  varieties.    The  beech, 

**  'Gardeaar*!  Chronicle,'  1S50,  |i.  "  QiioUd  in  'Qardenw*!  ChrvnV 
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hassel,  and  barberry  haTo  giren  rise  to  pttrple-leaTod  yarieiies;  and. 
aa  Bemhardi  remarks,''  a  multitude  of  plants,  as  distinct  as  possible^ 
have  yielded  varieties  with  deeply-cut  or  laoiniated  leayes.  varieties 
descended  from  three  distinct  species  of  Brassica  have  their  stems, 
or  so-called  roots,  enlarged  into  globular  masses.  The  nectarine  is 
the  offspring  of  the  peach;  and  the  varieties  of  peaches  and 
nectarines  offer  a  remarkable  parallelism  in  the  fruit  being  white, 
rod,  or  yellow  fleshed— in  being  clingstones  or  freostones— in  the 
flowers  bdng  large  or  small — ^in  the  leaves  being  serrated  or  crenated, 
furnished  with  globose  or  reniform  glands,  or  quite  destitute  of 
glands.  It  should  be  remarked  that  each  variety  of  the  nectarine 
has  not  derived  its  character  from  a  corresponding  variety  of  the 
peach.  The  several  varieties  also  of  a  closely  allied  genus,  namely 
the  apricot,  differ  from  one  another  in  nearly  the  same  parallel 
manner.  There  is  no  reason  to  believe  that  any  of  these  varieties 
have  merely  reacquired  long-lost  characters ;  and  in  most  of  them 
this  certainly  is  not  the  case. 

Three  species  of  Oucurbita  have  yielded  a  multitude  of  races 
wliich  correspond  so  closely  in  character  that,  as  Naudin  insists, 
they  may  be  arranged  in  ahnost  strictly  parallel  series.  Several 
varieties  of  the  melon  are  interesting  from  resembling,  in  important 
characters,  other  species,  either  of  the  same  genus  or  of  allied  genera^ ; 
thus,  one  variety  has  i^uit  so  like,  both  externally  and  internally, 
the  fruit  of  a  perfectly  distinct  species,  namely,  the  cucumber,  as 
hardly  to  be  distinguished  from  it;  another  has  long  cylindrical 
fruit  twisting  about  like  a  serpent ;  in  another  the  seeds  adhere  to 
portions  of  the  pulp;  in  another  the  fruit,  when  ripe,  suddenly 
crooks  and  falls  into  pieces;  and  all  these  highly  remarkable 
i)oculiarities  are  characteristic  of  species  belonging  to  allied  genera. 
We  can  hardly  account  for  the  appearance  of  so  many  unusual 
characters  by  reversion  to  a  single  ancient  form;  but  we  must 
believe  that  all  the  members  of  the  famiily  have  inherited  a  nearly 
simiUr  constitution  from  an  early  progenitor.  Our  oereal  and  many 
other  plants  ofSei  similar  cases. 

Witn  animals  we  have  fewer  cases  of  analogous  variation,  inde« 
pendently  of  direct  reversion.  We  see  something  of  the  kind 
m  the  resemblance  between  the  short-muzzled  races  of  the  dog, 
such  as  the  pug  and  bull-dog;  in  feather-footed  races  of  the  fowl, 
pigeon,  and  canary-bird ;  in  horses  of  the  most  different  races  pre- 
senting the  same  range  of  colour ;  in  all  blaok-and-tan  dogs  having 
tan-coloured  eye-spots  and  feet,  but  in  this  latter  case  reversion 
may  possibly  have  played  a  part.  .Low  has  remarlrod  **  that  several 
breeds  of  cattle  are  *"  sheetea," — ^that  is,  have  abroad  band  of  white 
passing  round  their  bodies  like  a  sheet ;  this  character  is  strongly 
mherited,  and  sometimes  originates  from  a  cross ;  it  may  be  the 
Hrst  step  in  reversion  to  an  early  type,  for,  as  was  shown  in  the 


^  *Ueb«rdeBB6griffd«rPflanzen-  **  *  Domesticated  AnimaV  184d^ 

art,'  1834,  a.  U.  p.  351. 
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third  chapter,  white  cattle  with  dark  ears,  dark  feet  and  tip  of  tail, 
formerly  existed,  and  now  exit^t  in  feral  or  semi-feral  coodiiion  in 
several  qnartors  of  the  world. 

Under  our  second  main  division,  namely,  of  analogous  variations 
due  to  reversion,  the  best  cases  are  afforded  by  pigeons.  In  all  the 
most  distinct  breeds,  sub-varieties  occasionally  appear  coloured 
exactly  like  the  parent  rock-pigoon,  with  black  vnng-bars,  white 
loins,  banded  tail,  <&a ;  and  no  one  can  doubt  that  these  characters 
are  due  to  reversion.  So  with  minor  details ;  turbits  properly  have 
white  tails,  but  occasionally  a  bird  is  bom  with  a  dark- coloured  and 
banded  tail;  pouters  properlv  have  their  primary  wing-feathors 
white,  hut  not  rarely  a  '*  swonl-flightod  "  bird  apjicars,  that  is,  ono 
Willi  the  few  first  primaries  dark-coloured;  and  in  these  cases  we 
have  characters  proper  to  the  rock-pigeon,  but  new  to  the  breed, 
evidently  appearing  from  reversion.  In  some  domestic  varieties 
the  wing-bars,  instead  of  being  simply  black,  as  in  the  rock-pigeon, 
are  beautifally  edged  with  different  zones  of  colour,  and  they  then 
present  a  striking  analogy  with  the  wing-bars  in  certain  natural 
species  of  the  same  family,  such  as  Phaps  chalcoptera;  and  this 
may  probablv  be  accounted  for  by  all  the  species  of  the  family 
being  descended  from  the  same  remote  progenitor  and  having  a  ten- 
dbncy  to  vary  in  the  same  manner.  Thus,  also,  we  can  perhaps 
understand  the  fact  of  some  Laugher-pigeons  cooing  almost  like 
turtle-doves,  and  for  several  races  having  peculiarities  in  their 
flight,  since  certain  natural  species  (viz.,  O.  torquatrix  vJid palunibw), 
display  singular  vagaries  in  this  respect.  In  other  cases  a  race, 
instead  of  imitating  a  distinct  species,  resembles  some  other  race ; 
thus,  certain  runts  tremble  and  slightly  elevate  their  tails,  like  fan- 
tails  ;  and  turbits  inflate  the  upper  part  of  their  oesophagus,  like 
pouter-pigeons. 

It  is  a  common  circumstance  to  find  certain  coloured  marks  per- 
sistently characterising  all  the  species  of  a  genus,  but  differing  much 
in  tint ;  and  the  same  thing  occurs  with  the  varieties  of  the  pigeon  : 
thus,  instead  of  the  general  plumage  being  blue,  with  the  wmg-bars 
black,  there  are  snow-white  varieties  with  rod  bars,  and  black  varie- 
ties with  white  bars ;  in  other  varieties  the  vring-bars,  as  we  have 
seen,  are  elecantly  zoned  with  different  tints.  The  Spot  pigeon  is 
characterised  by  the  whole  plumage  being  white,  excepting  a  spot 
on  the  forehead  and  the  tail ;  but  these  parts  may  be  red,  yellow,  or 
nlack.  In  the  rock-pigeon  and  in -many  varieties  the  tail  is  blue, 
with  the  outer  edges  of  the  outer  feathers  white ;  but  in  the  sub- 
variety  of  the  monk-pigeon  we  have  a  reversed  style  of  coloration, 
for  the  tail  is  white,  except  the  outer  edges  of  the  outer  feathers, 
which  are  black.** 

With  some  species  of  birds,  for  instance  with  gulls,  certain 
coloured  xM&rts  appear  as  if  almost  wafihed  out,  and  I  have  observed 
exactly  the  same  appearance  in  the  terminal  dark  tail-bur  in  ceriain 

•*  Bflchstnin,  <  NatnrjEMchichU  DeutuchUnUV  Bund  ir.,  1793.  a.  31. 
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pigeons,  and  in  the  whole  plnmage  of^  certain  yarieties  of  the  duok. 
Analogous  facts  in  the  Yegeta.ble Idngdom  could  be  given. 

Many  sub-varieties  of  the  pigeon  have  xeversed  and  somewhat 
lengthened  feathers  on  the  back  part  of  their  heads,  and  this  is 
certainly  not  due  to  reverfdon  to  the  parent-spedee,  which-  shows 
no  trace  of  such  titruoture :  but  when  we  remember  that  sub-varie- 
tioB  of  the  fowl,  turkey,  cancury-bird,  duck,  and  goose,  all  have  either 
topknots  or  reversed  feathers  on  their  heads ;  and  when  we  remember 
that  scarcely  a  single  largo  natural  group  of  birds  can  be  named,  in 
which  some  members  have  not  a  tuft  of  feathers  on  their  heads,  we 
may  6usi)ect  that  reversion  to  some  extremely  remote  form  has 
come  into  action. 

Several  breeds  of  the  fowl  have  either  spangled  or  pencilled 
feathers;  and  these  cannot  be  derived  firom  the  parent- species,  the 
OaUw  bankiva ;  though  of  course  it  is  possible  that  one  early  pro- 
genitor of  this  species  may  have  been  spangled,  and  another  pen- 
cilled. But,  as  many  gallinaceous  birds  are  either  spangled  or  peiiv 
cillcd,  it  is  a  more  probable  view  that  the  several  aomostio  breods 
of  the  fowl  have  acquired  this  kind  of  plumage  from  all  the 
members  of  the  family  inheriting  a  tendency  to  vary  in  a  like 
manner.  The  same  principle  may  account  for  the  ewes  in  certain 
breeds  of  shcop  being  hornless,  like  tlio  females  of  some  other 
hollow-horned  ruminants ;  it  may  account  for  certain  domestic  cats 
having  slightly-tufted  ears,  like  those  of  the  lynx ;  and  for  the  skulls 
of  domestic  rabbits  often  differing  from  one  another  in  the  same 
characters  by  which  the  skulls  of  the  various  species  of  the  genus 
Lepus  differ. 

I  will  only  allude  to  one  other  case,  already  discussed.  Now 
that  we  know  that  the  wild  parent  of  the  ass  commonly  has  striped 
legs,  we  may  feel  confident  that  the  occasional  appearance  of  stripes 
on  the  legs  of  the  domestic  ass  is  due  to  reversion ;  but  this  will  not 
account  for  the  lower  end  of  the  shoulder-stripe  being  sometimes 
angularly  bent  or  slightly  forked.  So,  again,  when  we  seen  dun 
and  other  coloured  horses  with  stripes  on  the  spine,  shoulders,  and 
legs,  wo  are  led,  &om  reasons  formerly  given,  to  believe  that  they 
reappear  through  reversion  to  the  wild  parent-horse.  But  when 
horses  have  two  or  three  shoulder-stripes,  with  one  of  them  occa- 
sionally forked  at  Uio  lower  end.  or  when  they  have  stripes  on  their 
faces,  or  are  faintly  stripod  as  foals  over  nearly  their  whole  bodies, 
wibli  the  stripes  angularly  bent  one  under  the  other  on  the  fore- 
head, or  irregularly  branched  in  other  parts,  it  would  be  rash  to 
attribute  sudh  diversified  characters  to  the  reappearance  of  those' 
proper  to  the  aboriginal  wild  horse.  As  three  African  species  of 
the  genus  are  much  striped,  and  as  we  have  seen  that  the  crossing 
of  the  unstriped  species  often  leads  to  the  hybrid  ofbpring  being 
conspicuously  striped — bearing  also  in  mind  that  the  act  of  crossing 
certainly  causes  the  reappearance  of  long-lost  characters— it  is 
a  more  probable  view  that  the  above-specified  stripes  are  due  to 
reversion,  not  to  the  immediate  wild  parent-horse,  but  to  the  striped 
pjx)genitor  of  the  whole  genus. 
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I  have  diflouBSod  tloB  sabject  of  analogona  variation  at  oou- 
Biderable  length,  becatuse  it  is  well  known  that  the  varieties 
of  one  species  firequently  resemble  distinct  species — a  fact  in 
perfect  harmony  with  the  foregoing  cases,  and  explicable  on 
the  theory  of  descent.  Secondly,  becanse  these  facts  are 
important  from  showing,  as  ifemarked  in  a  former  chapter, 
that  each  trifling  variation  is  governed  by  law,  and  is  deter- 
mined in  a  much  higher  degree  by  the  nature  of  the  organi- 
sation, than  by  the  nature  of  the  conditions  to  which  the 
varying  being  has  been  exposed.  Thirdly,  because  these  facts 
are  to  a  certain  extent  related  to  a  more  general  law,  namely, 
that  which  Mr.  B.  D.  Walsh »<^  has  called  the  "Law  of 
Equable  Variability"  or,  as  he  explains  it,  *' if  any  given  cha- 
**  racter  is  very  variable  in  one  species  of  a  group,  it  will  tend 
**  to  be  variable  in  allied  species ;  and  if  any  given  character 
**  is  i)erfectly  constant  in  one  species  of  a  group,  it  will  tend 
**  to  be  constant  in  allied  species.*' 

This  leads  me  to  recall  a  discu&ion  in  the  chapter  on 
Selection,  in  which  it  was  shown  that  with  domestic  races, 
which  are  now  undergoing  rapid  improvement,  those  parts 
or  characters  vary  the  most,  which  are  the  most  valued. 
This  naturally  follows  from  recently  selected  characters  con- 
tinually tending  to  revert  to  their  former  less  improved 
standard,  and  from  their  being  still  acted  on  by  the  same 
agencies,  whatever  these  may  be,  which  first  caused  the  cha- 
racters in  question  to  vary.  The  same  principle  is  applicable 
to  natural  species,  for,  as  stated  in  my '  Origin  of  Species,* 
generic  characters  are  less  variable  than  specific  characters  $ 
and  the  latter  are  those  which  have  been  modified  by  varia- 
tion and  natural  selection,  since  the  period  when  all  the 
species  belonging  to  the  genus  branched  off  from  a  common 
progenitor,  whilst  generic  characters  are  those  which  have 
remained  unaltered  from  a  much  more  remote  epoch,  and  ac- 
cordingly are  now  less  variable.  This  statement  makes  a 
near  approach  to  Mr.  Walsh's  law  of  Equable  Variability. 
Secondary  sexual  characters,  it  may  be  added,  rarely  serve  to 
characterise  distinct  genera,  for  they  usually  differ  much  in 
the  species  of  the  same  genus,  and  they  are  highly  variable 
*•  *  Proc  EntomoloK.  Soc.  of  Philidelphia,'  Oct.  1863,  p.  213. 
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in  the  individuala  of  the  same  Bpeoies ;  we  have  also  seen  in 
the  earlier  chaptei's  of  this  work  how  Yariable  secondary  sexual 
oharacters  become  under  domestication. 

Summary  of  the  three  previous  Chapter  a  on  ihe  Lowe  of  Variaiion. 

In  the  twenty-third  chapter  we  saw  that  changed  con- 
ditions occasionaJly,  or  even  often,  act  in  a  definite  manner 
on  the  organisation,  so  that  all,  or  nearly  all,  the  individuals 
thus  exposed  become  modified  in  the  same  manner.  But 
a  far  more  frequent  result  of  changed  conditions,  whether 
acting  directly  on  the  organisation  or  indirectly  through  the 
reproductive  system,  is  indefinite  and  fluctuating  variability. 
In  the  three  last  chapters,  some  of  the  Jaws  by  which. such 
variability  is  regulated  have  been  discussed. 

Increased  use  adds  to  the  size  of  musdos,  together  with 
the  blood-vessels,  nerves,  ligaments,  the  crests  of  bone  and 
the  whole  bones,  to  which  they  are  attached.  Increased 
functional  activity  increases  the  size  of  various  glands,  and 
strengthens  the  sense-organs.  Increased  and  intermittent 
pressure  thickens  the  epidermis.  A  change  in  the  nature  of 
the  food  sometimes  modifies  the  coats  of  the  stomach,  and 
augments  or  dooreases  the  length  of  the  intestines.  Continued 
disuse,  on  the  other  hand,  weakens  and  diminishes  aU  parts 
of  the  organisation.  Animals  which  during  many  generations 
have  taken  but  little  exercise,  have  their  lungs  reduced  in 
size,  and  as  a  consequence  the  bony  fabric  of  the  chest  and 
the  whole  form  of  the  body  become  modified.  With  our 
anciently  domesticated  birds,  the  wings  have  been  little  used, 
and  they  are  slightly  reduced ;  with  their  docroaso,  the  crest 
of  the  sternum,  the  scapulie,  coracoids,  and  furculum,  have  all 
been  reduced. 

With  domesticated  animals,  the  reduction  of  a  part  from 
disuse  is  never  carried  so  far  that  a  mere  rudiment  is  left ; 
whereas  we  have  reason  to  believe  that  this  has  often  occurred 
under  nature ;  the  effects  of  disuse  in  this  latter  case  being 
aided  by  economy  of  growth,  together  with  the  intercrossing 
of  many  varying  individuals,  llie  cause  of  this  difference 
between  organisms  in  a  state  of  nature,  and  under  domestica- 
tion, probably  is  that  in  the  latter  ease  there  has  not  been 
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time  sufiScient  for  any  yerj  great  change,  and  that  the 
prindple  of  eoonomyof  growth  doea  not  come  into  action. 
On  the  contrary,  Btxuotures  which  are  mdimentary  in  the 
parent-species,  sometimes  become  partially  redeyeloped  in  onr 
domesticated  productions.  Such  rudiments  as  occasionally 
make  their  appearance  under  domestication,  seem  always  to 
lx>  the  result  of  a  sudden  arrest  of  development ;  nevertheless 
Ihey  are  of  interest,  as  showing  that  rudiraonts  are  tlie  relics 
of  organs  once  perfectly  developed. 

Corporeal,  periodical,  and  mental  habits,  though  the  latter 
have  been  almost  passed  over  in  this  work,  become  changed 
under  domestication,  and  the  chanires  are  often  inherited. 
Such  changed  habits  in  an  organic  being,  especially  when 
living  a  free  life,  would  often  lead  to  the  augmented  or 
diminished  use  of  various  organs,  and  consequently  to  their 
modification.  From  long-continued  habit,  and  more  especi- 
ally from  the  occasional  birth  of  individuals  with  a  slightly 
different  constitution,  domestic  animals  and  cidtivated  plants 
become  to  a  certain  extent  acclimatised  or  adapted  to  a 
climate  different  from  that  proper  to  the  parent-species. 

Through  the  principle  of  correlated  variability,  taken  in 
its  widest  sense,  when  one  part  varies  other  parts  vary,  either 
simultaneously,  or  one  after  the  other.  Thus,  an  organ  modi- 
fied during  an  early  embryonic  period  affects  other  parts 
subsequently  developed.  When  an  organ,  such  as  the  beak, 
increases  or  decreases  in  length,  adjoining  or  correlated  parts, 
as  the  tongue  and  the  orifice  of  the  nobtrils,  tend  to  vary  in  the 
same  manner.  When  the  whole  body  increases  or  decreases 
in  size,  various  parts  become  modified ;  thus,  with  pigeons 
the  ribs  increase  or  decrease  in  number  and  breadth.  Homo- 
logous parts  which  are  identical  during  their  early  develop- 
ment and  are  exposed  to  similar .  conditions,  tend  to  vary 
in  the  same  or  in  some  connected  manner,-^ as  in  the  case  of 
the  right  and  left  sides  of  the  body,  and  of  the  front  and 
hind  limbs.  So  it  is  with  the  organs  of  sight  and  hearing ; 
for  instance,  white  cats  with  blue  eyes  are  almost  always 
deaf.  There  is  a  manifest  relation  throughout  the  body  be- 
tween the  skin  and  various  dermal  appendages,  such  as  hair, 
feathers,  hoofs,  horns,  and  teotli.     In  Paraguay,  horses  witli 
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ourlj  hair  liave  I100&  like  thoae  of  a  mule ;  the  wool  and  the 
horns  of  Bheep  often  vary  together ;  hairless  dogs  are  deficient 
in  their  teeth ;  men  with  redundant  hair  have  abnormal  teeth^ 
either  by  deficiency  or  excess.  Birds  with  long  wing-feathers 
usually  have  long  tail-feathers.  When  long  feathers  grow 
from  the  outside  of  the  legs  and  toes  of  pigeons,  the  two 
outer  toes  are  connected  by  membrane;  for  the  whole  leg 
tends  to  assume  the  structure  of  the  wing.  There  is  a  mani- 
fest relation  between  a  crest  of  feathers  on  the  head  and  a 
marvellous  amount  of  change  in  the  skuU  of  various  fowls : 
and  in  a  lesser  degree,  between  the  greatly  elongated,  lopping 
ears  of  rabbits  and  the  structure  of  their  dculls.  With  plants, 
the  leaves,  various  parts  of  the  flower,  and  the  fruit,  often 
vary  together  to  a  correlated  manner. 

In  some  cases  wo  find  correlation  without  being  ablo  oven 
to  conjecture  what  is  the  nature  of  the  connection,  as  with 
various  monstrosities  and  diseases.  This  is  likewise  the  case 
with  the  colour  of  the  adult  pigeon,  in  connection  with  tho 
presence  of  down  on  the  young  bird.  Numerous  curious 
instances  have  been  given  of  peculiarities  of  constitution, 
in  correlation  with  colour,  as  shown  by  the  immunity  of 
individuals  of  one  colour  from  certain  diseases,  from  tho 
attacks  of  parasites  and  from  the  action  of  certain  vegetable 
poisons. 

Correlation  is  an  important  subject ;  for  with  speoies,  and 
in  a  lesser  degree  with  domestic  races,  we  continually  find 
that  certain  parts  have  been  greatly  modified  to  serve  some 
useful  purpose;  but  we  almost  invariably  find  that  other 
parts  have  likewise  been  more  or  less  modified,  without  our 
being  able  to  discover  any  advantage  in  the  change.  No 
doubt  great  caution  is  necessary  with  respect  to  this  latter 
point,  for  it  is  difficult  to  overrate  our  ignorance  on  the 
use  of  various  parts  of  the  organisation ;  but  from  what  we 
have  seen,  we  may  believe  that  many  modifications  are  of  no 
direct  service,  having  arisen  in  correlation  with  other  and 
useful  changes. 

Homologous  parts  during  their  early  development  often 
become  fused  together.  Multiple  and  homologous  organs 
ue  especially  liable  to  vary  in  number  and  probably  in 
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form.  As  the  supply  of  organised  matter  is  not  unlimited, 
the  principle  of  compensation  sometimes  comes  into  action ; 
so  that,  when  one  piurt  is  greatly  developed,  adjoining  parts 
are  apt  to  be  reduced ;  but  this  principle  is  probably  of  much 
less  importance  than  the  more  general  one  of  the  economy 
of  growth.  Through  mere  mechanical  pressure  hard  p^rts 
occasionally  affect  adjoining  parts.  •  With  plants  the  position 
of  the  flowers  on  the  axis,  and  of  the  seeds  in  the  ovary,  some- 
times leads,  through  a  more  or  less  free  flow  of  sap,  to  changes 
of  structure;  but  such  changes  are  often  due  to  reversion. 
Modifications,  in  whatever  manner  caused,  will  be  to  a  certain 
extent  regulated  by  that  co-ordinating  power,  or  so-called 
nUusformcUivui^  which  is  in  fact  a  remnant  of  that  simple  form 
of  reproduction,  displayed  by  many  lowly  organised  beings  in 
their  power  of  flssiparoos  generation  and  budding.  Finally, 
the  effects  of  the  laws  which  directly  or  indirectly  govern 
variability,  may  be  largely  regulated  by  man's  selection,  and 
will  so  far  be  determined  by  natural  selection  that  changes 
advantageous  to  any  race  will  be  favoured,  and  disadvan- 
tageous changes  will  be  checked. 

Domestic  races  descended  from  the  same  species,  or  from 
two  or  more  allied  species,  are  liable  to  revert  to  characters 
derived  from  their  common  progenitor ;  and,  as  they  inherit 
a  somewhat  similar  constitution,  they  are  liable  to  vary 
in  the  same  manner.  From  these  two  causes  analogous 
varieties  often  arise.  When  we  reflect  on  the  several  fbre- 
going  laws,  imperfectly  as  we  understand  them,  and  when 
we  bear  in  mind  how  much  remains  to  be  discovered,  we  need 
not  be  surprised  at  the  intricate  and  to  us  uninteUigible 
manner  in  which  our  domestic  productions  have  varied,  and 
still  go  on  varying. 
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nUUllUIABT  BmrAHKR—WMT  PABT :— THS  FAOn  TO  BB  OOXMSOTSD  XJITDBB 
A  8IK0LB  FOmT  OF  TIBW,  NAMBLT,  THB  TARIOUB  BINDS  OF  BBPBODUO- 
TION— BB-OBOWTB  OF  AMFUTATBD  PABT»— OBAFT-RTBRIDI— THB  DIBBOT 
AGTXOM  OF  THB  M ALB  BLBMBMT  ON  THB  VBMALB— DBTBLOPMBNT— THB 
FUNOnONAL  INDBPBNDBNOB  OF  THB  11NIT8  OF  THB  BODY— ▼ABTAWn.ITT 
— INHBBITANOB— BBYBB8I0N. 

TBOOND  PABT: — BTATBHBNT  OF  THB  HTPOTHBSia — HOW  FAB  THB  NB0B8BABY 
A88DMFTION8  ABB  DfPBOBABLB— EXPLANATION  BT  AID  OF  THB  HTPOTHBBU 
OF  THB  8EYBBAL  0LA88E8  OF  FAOTB  flPBOIflBD  IN  THB  F1B8T  PABT— 
«.*0N0LU8I0N. 

In  the  provioQS  chaptors  largo  oIosbob  of  factA,  Buch  as  tliose 
l)earmg  on  bud-variation,  the  various  forms  of  inheritance,  the 
causes  and  laws  of  variation,  have  been  discussed ;  and  it  is 
obvious  that  these  subjects,  as  vrell  as  the  several  modes  of 
reproduction,  stand  in  some  sort  of  relation  to  one  another.  I 
have  been  led,  or  rather  forced,  to  foim  a  view  which  to  a 
certain  extent  connects  these  facts  by  a  tangible  method. 
Every  one  would  wish  to  explain  to  himself,  even  in  an 
imperfect  manner,  how  it  is  possible  for  a  character  -poeseea&A. 
by  some  remote  ancestor  suddenly  to  reappear  in  the  offspring ; 
how  the  effects  of  increased  or  decreased  use  of  a  limb  can  be 
transmitted  to  the  child ;  how  the  male  sexual  element  can 
act  not  solely  on  the  ovules,  but  occasionally  on  the  mother- 
form  ;  how  a  hybrid  can  be  produced  by  the  union  of  the 
cellular  tissue  of  two  plants  iudopcndoutly  of  the  organs  of 
generation ;  how  a  limb  can  be  reproduced  on  the  exact  line 
of  amputation,  with  neither  too  much  nor  too  little  added; 
how  the  same  organism  may  be  produced  by  such  widely 
different  processes,  as  budding  and  true  seminal  generation ; 
and,  lastly,  how  of  two  allied  forms,  one  passes  in  the  course  of 
its  development  through  the  most  complex  metamorphoses, 
and  the  other  does  not  do  so,  though  when  mature  both  are 
alike  in  every  detail  of  structure.  I  am  aware  that  my 
view  is  merely  a  provisional  hypothesis  or  speculation ;  but 
87 
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until  a  better  one  be  advanoed,  it  will  serve  to  bring  together 
a  multitude  of  foots  which  are  at  present  left  disoonnected  by 
any  efficient  cause.  As  Whe well,  the  historian  of  the  inductive 
sciences,  remarks : — *'  Hypotheses  may  often  be  of  service  to 
*'  science,  when  they  involve  a  certain  portion  of  incomplete- 
**  ness,  and  even  of  error."  Under  this  point  of  view  I  venture 
to  advance  the  hypothesis  of  Pangenesis,  which  implies  that 
every  separate  part  of  the  whole  organisation  reproduces 
itself.  So  that  ovules,  spermatozoa,  and  pollen-grains,— the 
fertilised  egg  or  seed,  as  well  as  buds, — include  and  consist  of 
a  multitude  of  germs  thrown  off  from  each  separate  part  or 
unit.* 

In  the  First  Part  I  will  enumerate  as  briefly  as  I  can  the 
groups  of  facts  which  seem  to  demand  connection ;  but  certain 


■  This  hypoihesU  has  been  seVorely 
criticised  by  many  writera,  and  it 
wili  be  fair  to  give  references  to  the 
more  important  i^rticles.  The  best 
essay  which  I  have  seen  is  by  Prof. 
Delpino,  entitled  *Snlla  Larwiniana 
Teoria  della  Pangenesi,  1869,'  of 
which  a  translation  appeared  in 
•Scientific  Opinion,'  Sept.  29,  1849 
and  the  succeeding  numbers.  He 
rejects  the  hypothesis,  but  criticises 
it  fairly,  and  1  haTe  found  his  criti- 
cisms rery  useful.  Mr.  Mirart 
(*  Genesis  of  Species,'  1871,  chap,  x.) 
follows  Delpino,  but  adds  no  new 
objections  of  any  weight.  Dr.  Bastian 
C  The  Beginnings  of  Life,'  1872,  rol.  ii. 
p.  98)  says  that  the  hypothesis  "  looks 
**  like  a  relic  of  the  old  rather  than  a 
**  fitting  appanage  of  the  new  erolu- 
^  tion  philosophy."  He  shows  that  I 
ought  not  to  have  used  the  term 
**  )uingenesis,''as  it  had  been  previously 
used  by  Dr.  Qros  in  another  sense. 
Dr.  LioDol  Realo  (*  Nature,*  May  11, 
1871,  p.  2H)  fttooii  lit  the  whole  doc- 
trine with  much  acerbity  and  some 
justice.  I^f.  Wigand  C  Schrifteu  der 
Qesell.  der  gesammt.  Naturwissen.  su 
Marburg,'  ad.  ix.,  1870)  considers  the 
hypothecs  as  unscientifio  and  worth- 
less. Mr.  O.  H.  Lewes  (*  Fortnightly 
Review,'  Nov.  1,  1888,  p.  503)  seems 
to  consider  that  it  may  be  useful :  he 


makes  many  good  criticisms  in  a  |)er- 
fectly  fair  spirit.  Mr.  K*.  Galton,  afUr 
describing  his  valuable  experiments 
(*  Proo.  Uoyal  Soc.'  vol.  six.  p.  303)  on 
the  intertransfusion  of  the  blood  of 
distinct  varieties  of  the  rabbit,  con- 
cludes by  saying  that  in  his  opinion 
the  results  negative  beyond  all  doubt 
the  doctrine  of  Pangenesis.  He  in- 
forms roe  that  subsequently  to  the 
Sublication  of  his  paper  he  continued 
is  experiments  on  a  still  larger  scale 
for  two  more  generations,  without 
any  sign  of  mongrelism  showing  itself 
in  the  very  numerous  offspring.  1 
certainly  should  have  expected  that 
gemmules  would  have  been  present  in 
the  blood,  but  this  is  no  necessary 
part  of  the  hypothesis,  which  mani- 
festly applies  to  plants  and  the  lowest 
animals.  Mr.  Galton,  in  a  letter  to 
<  Nature  '(April  27, 1871,  p.  502),  also 
criticises  various  incorrect  expressions 
used  by  me.  On  the  other  hand, 
several  writera  have  spi)ken  favour- 
ably of  the  hyiMithosis,  but  thure 
would  bo  no  use  in  giving  references 
to  their  articles.  1  may,  however, 
refer  to  Dr.  Kossf  work,  *The  Graft 
Theory  of  Disease ;  being  an  applica- 
cation  of  Mr.  Darwin's  hypothesis  of 
Pangenesis,'  1873,  as  he  gives  several 
original  and  ingenious  discussions. 
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subjects,  not  hitherto  discofised,  must  be  treated  at  dispropor- 
tionate length.  In  the  Second  Fart  the  hypothesis 'will  be 
given;  and  after  considering  how  far  the  necessary  assump- 
tions are  in  themselves  improbable,  we  shall  see  whether  it 
serves  to  bring  under  a  single  point  of  view  the  various  facts. 

.'  /  .  *  . 

Part  I. 

Beproduction  may  be  divided  into  two  main  classes,  namely, 
sexual  and  asexual.  The  latter  is  effected  in  many  ways^by 
the  formation  of  buds  of  various  kinds,  and  by  fissiparous 
generation,  that  is  by  spontaneous  or  artificial  division.  It  is 
notorious  that  some  of  the  lower  animals,  when  cut  into  many 
pieces,  reproduce  so  many  perfect  individuals :  Lybnnet  cut  a 
Nais  or  freshwater  worm  into  nearly  forty  pieces,  and  these 
all  reproduced  perfect  animals.'  It  is  probable  that  segmen- 
tation could  be  carried  much  farther  in  some  of  the  protozoa ; 
and  with  some  of  the  lowest  plants  each  cell  will  reproduce 
the  parent-form.  Johannes  MtQler  thought  that  there  was  an 
important  distinction  between  gemmation  and  fission ;  for  in 
the  latter  case  the  divided  portion,  however  small,  is  more 
fully  developed  than  a  bud,  ivhich  also  is  a  younger  formation ; 
but  most  physiologists  are  now  con  nnced  that  the  two  probosses 
are  essentially  alike.^  Frpf.  Huxley  remarks,  **  fission  is  little 
*'more  than  a  peculiar  mode  of  budditig,*'  and  Pto£^  H.  J.. 
Clark  shows  in  detail  that  there  is  sometimes  "  a  compro- 
*'  mise  between  self-division  and  budding.*''  When  a  limb 
is  amputated,  or  when  the  whole  body  is  bisected,  the  cut 
extremities  are  said  to  bud  forth  ;  ^  and  as  the  papilla,  which 
is  first  formed,  consists  of  undeveloped  cellular  tissue  like 
that  forming  an  ordinary  bud,  the  expression  is  apparently 
correct.    We  see  the  connection  of  the  two  processes  in 


*  Quoted  bj  P«g*t,  *  Lectures  on 
Pathology,'  1853,  p.  159. 

'  Dr.  Lachmann,  al«o,  obeerres 
(<  Annalf  and  Mag.  of  Mat  History/ 
2nd  series,  toL  six.,  1857,  p.  231) 
with  respect  to  infusoria,  that  **  fissa- 
**  tion  and  gemmation  pass  into  each 
**  other  almost  imperoeptiblj."  Again, 
Mr.  W.  C.  Minor  (<  Annals  and  Mag. 
of  Nat.  Hist.,'  8rd  series,  rol  zi.  p.. 


828)  shows  that  with  Annelids  the 
distinction  that  has  been  made  be- 
tween fission  and  bndding  is  not  a 
fundamental  one.  See,  also,  Pro- 
fessor Clark's  worlc,  *  Mind  in  Mature,' 
Mew  York,  1865,  pp.  62,  9t. 

*  See  Bonnet.  ^CEurres  d'Hist 
Mat.,'  tom.  T.,  1781,  p.  839,  for 
remarks  on  the  budding-out  of  the 
amputated  limbs  of  Salamanders. 
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anotiier  way ;  for  Trembley  observed  with  the  hydra,  that 
the  reprodaction  of  the  head  after,  ampatation  was  checked  as 
soon  as  the  animal  put  forth  reproductive  gemmao.^ 

Between  the  production,  by  fissiparous^generation,  of  two 
or  more  complete  individuals,  and  the  repair  of  even  a  very 
slight  injury,  there  is  so  perfect  a  gradation,  that  it  is 
impossible  to  doubt  that  the  two  processes  are  connected.  As 
at  each  stage  of  growth  an  amputated  part  is  replaced  by  one 
in  the  same  state  of  development,  we  must  also  follow  Sir  J. 
Paget  in  admitting,  '*  that  the  powers  of  development  from  the 
**  embryo,  are  identical  with  those  exercised  for  the  restora- 
"  tion  from  injuries  :  in  other  words,  that  the  powers  are  the 
"  same  by  wMch  perfection  is  first  achieved,  and  by  which, 
"  when  lost,  it  is  recovered."  *  Finally,  we  may  conclude 
that  the  several  forms  of  budding,  fissiparous  generation,  the 
repair  of  injuries,*  and  development,  are  all  essentially  the 
results  of  one  and  the  same  power. 

Sexual  Oeneraiion. — The  union  of  the  two  sexual  elements 
seems  at  first  sight  to  make  a  broad  distinction  between 
sexual  and  asexual  generation.  But  the  conjugation  of 
alg»,  by  which  process  lihe  contents  of  two  cells  unite  into  a 
single  mass  capable  of  development,  apparently  gives  us  the 
first  step  towards  sexual  union:  and  Pringsheim,  in  his 
memoir  on  the  pairing  of  Zoospores,^  shows  that  conjugation 
graduates  into  true  sexual  reproduction.  Moreover,  the  now 
well-ascertained  cases  of  Parthenogenesis  prove  that  the 
distinction  between  sexual  and  asexual  generation  is  not 
nearly  so  great  as  was  formerly  thought ;  for  ova  occasion- 
ally, and  even  in  some  cases  frequently,  become  developed  in.to 
perfect  beings,  without  the  concourse  of  the  male.  With 
most  of  the  lower  animals  and  even  with  mammals,  the  ova 
show  a  trace  of  parthenogenetio  power,  for  without  being 
fertilised  they  pass  through  the  first  stages  of  segmentation/ 
Nor  can  pKOudova  which  do  not  need  fertilisation,  be  dis 

•  Paget,  *  Lectures  on  Pathologj,'      bold,  '^Ueber  Parthenogenesu,"  'Sit 
1853,  p.  158.  sung  der  math.  phji.  Clane/  Munich, 

•  Ibid.,  pp.  152,  164.  Not.  4th,  1871,  p.  240.     3m  also  Qua- 
V  Translated  in  *  Annate  and  Mag.       trefages,  'Annales  des  Sc.  Nat  Zoolog., 

of  Nat.  Hbt.,'  April,  1870,  p.  272.  Srd  Series,  1850,  p.  13S. 

•  Bischoff,  as  quoted  by  ron  Sir- 
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tingiiished  from  true  ova,  as  was  first  shown  by  Sir  J. 
Lnbbock,  and  is  now  admitted  by  Siebold.  So,  again,  the 
germ-ballB  in  the  lary»  of  Ceoidomyia  are  said  by  Leuokart  * 
to  be  formed  within  the  ovarium,  but  they  do  not  require  to 
be  fertilised.  It  should  also  be  observed  that  in  sexual 
generation,  the  ovules  and  the  inale  element  have  equal  power 
of  transmitting  every  single  character  possessed  by  either 
parent  to  their  ofiispring.  We  see  this  clearly  when  hybrids 
are  paired  inter  m,  for  the  characters  of  both  grandparents 
often  appear  in  the  progeny,  either  perfectly  or  by  segments. 
It  is  an  error  to  suppose  that  the  male  transmits  certain 
characters  and  the  female  other  characters;  although  no  doubt, 
from  unknown  causes,  one  sex  sometimes  has  a  much  stronger 
power  of  transmission  than  the  other. 

It  has,  however,  been  maintained  by  some  authors  that  a 
bud  differs  essentially  from  a  fertilised  germ,  in  always  re- 
producing the  perfect  character  of  the  parent-stock ;  whilst 
fertilised  germs  give  birth  to  variable  beings.  But  there  is 
no  such  broad  distinction  as  this.  In  the  eleventh  chapter 
numerous  cases  were  advanced  showing  that  buds  occasionally 
grow  into  plants  having  quite  now  characters;  and  the 
varieties  thus  produced  can  be  propagated  for  a  length  of 
time  by  buds,  and  occasionally  by  seed.  Nevertheless,  it  must 
be  admitted  that  beings  produced  sexually  are  much  more 
liable  to  vary  than  those  produced  asexually ;  and  of  this  fact 
a  partial  explanation  will  hereafter  be  attempted.  The 
variability  in  both  cases  is  determined  by  the  same  general 
causes,  and  is  governed  by  the  same  laws.  Hence  new 
varieties  arising  from  buds  cannot  be  distinguished  from 
those  arising  from  seed.  Although  bud-varieties  usually 
retain  their  character  during  successive  bud-generations,  yet 
they  occasionally  revert,  even  after  a  long  series  of  bud- 
generations,  to  their  former  character.  This  tendency  to 
reversion  in  buds,  is  one  of  the  most  remarkable  of  the  several 
points  of  agreement  between  the  offspring  from  bud  and 
seminal  reproduction. 

But  there  is  one  difference  between  organisms  produ^^ 

*  '  On  the  Aiezual  Reproduction  of      *  Annals    nnd  Mng.  of   Nat.  B  jft^ 
Cecldomjide    Larrs,'   translated    in      March,  1866,  pp.  167, 171. 
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sedcually  and  asexnally,  which  is  Tery  general.  The  former 
pass  in  the  course!  of  their  dcYelopment  from  a  very  low  stage 
tb  their  highest  stage,  as  we  see  in  the  metamorphoses  of  insects 
and  of  UMkny  other  animals,  and  in  the  concealed  metamorphoses 
of  the  yertebrata.  Animals  propagated  asexually  by  bnds 
or  fission,  on  the  other  hand,  commence  their  development  at 
that  stage  at  which  the  budding  or  self-dividing  animal  may' 
happen  to  be,  and  therefore  do  not  pass  through  some  of  the 
lower  developmental  stages.^*  '  Afterwards,  they  often  advance 
in  organisation,  as  w€^  see  in  the  many  cases  of  ^'altema^'^- 
g^eneration."  In- thus  speaking^  of  alternate  generation,  1 
follow  those  naturalists  who  look  at  this  process  as  essentially 
one  of  internal  budding  or  of  fissiparous  generation.  Some 
of  the  lower  plants,  however,-  such  as  mosses  and  certain  algie, 
according  to  Dr.  L.  Badlkofer,^^  when  propagated  asexually,  do 
undergo  a  retrogressive  metamorphosis.  As  far  as  the  final 
cause  is  concerned,  we  can  to  a  certain  extent  understand  why 
beings  propagated  by  buds  should  not  pass  through  all  the 
early  stages  of  development;  for  with  each  organism  the 
structure  acquired  at  each  stage  must  be  adapted  to  its 
peculiar  habits ;  and  if  there  are  places  for  the  support  of  many 
individuals  at  some  one  stage,  the  simplest  plan  will  be  that 
they  should  be  multiplied  at  this  stage,  and  not  that  they 
should  first  retrograde  in  their'  development  to  an  earlier  or 
simpler  structure,  which  might  not  be  fitted  for  the  then 
surrounding  conditions. 

From  the  several  foregoing  considerations  we  may  conclude 
that  the  difference  between  sexual  and  asexual  generation 
is  not  nearly  so  great  as  at  first  appears ;  the  .chief  difference 
being  that  an  ovule  cannot  continue  to  live  and  to  be  fully 
developed  unless  it  unites  with  the  male  element ;  but  even 
this  difference  is  far  from  invariable,  as  shown  by  the  many 
cases  of  parthenogenesis.  .We  are  therefore  naturally  led  to 
inquire  what  the  final  cause  can  be  of  the  necessity  in 

*  •  •    .  •  * 

'*  Plrof.  Allman  speaks  ('Traiisjict.  **  of  sooids,  that  no  retrogrossion  ever 

R.  Soc.  of  Edinburgh,'  vol.  xzyi.,  1870,  "  Ukes  place  in  the  series." 

p.  102)  dedsiveljr  on  this  head  with  "  <  Annals  and  Mag.  of  Nat  Hist., 

respect  to  the  HTdroida :  he  says, "  It  2nd  series,  rol.  xz.,  1857,  pp.  151^ 

"  is  a  unirersal  law  in  the  snocession  455 
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ordinaiy  generaiioii  for  the  conoonrse  of  the  two  sexual 
elements. 

Seeds  and  ova  are  often  highly  seryiceable  as  the  means  of 
disseminating  plants  and  animals,  and  of  preserving  them 
during  one  or  more  seasons  in  a  dormant  state ;  but  un- 
impregnated  seeds  or  ova,  oud  detached  buds,  would  be  equally 
serviceable  for  both  purposes.  We  canj  however,  indicate 
two  important  advantages  gained  by  the  concourse  of  the 
two  sexes,  or  rather  of  two  individuals  belonging  to  opposite 
sexes;  for,  as  I  have  shown  in  a  former  chapter,  the  structure 
of  every  organism  appears  to  be  especially  adapted  for  the 
concurrence,  at  least  occasionally,  of  two  individuals.  When 
species  are  rendered  highly  variable  by  changed  conditions 
of  life,  the  free  intercrossing  of  the  varying  individuals 
tends  to  keep  each  form  fitted  for  its  proper  place  in  nature ; 
and  crossing  can  be  effected  only  by  sexual  generation ;  but 
whether  the  end  thus  gained  is  of  sufficient  importance  to 
account  for  the  first  origin  of  sexual  intercourse  is  extremely 
doubtful.  Secondly,  I  have  shown  from  a  large  body  of 
facts,  that,  as  a  slight  change  in  the  conditions  of  life  is 
beneficial  to  each  creature,  so,  in  an  analogous  manner,  is  the 
change  effected  in  the  germ  by  sexual  union  with  a  distinct 
individual ;  and  I  have  been  led,  from  observing  the  many 
widely-extended  provisions  throughout  nature  for  this  purpose, 
and  from  the  greater  vigour  of  crossed  organisms  of  all 
kinds,  as  proved  by  direct  experiments,  as  well  as  from  the 
evil  effects  of  close  interbreeding  when  long  continued,  to 
believe  that  the  advantage  thus  gained  is  very  great. 

Why  the  germ,  which  before  impregnation  undergoes  a 
certain  amount  of  development,  ceases  to  progress  and 
perishes,  unless  it  be  acted  on  by  the  male  element;  and 
why  conversely  the  male  element,  which  in  the  case  of  some 
insects  is  enabled  to  keep  alive  for  four  or  five  years, 
and  in  the  case  of  some  plants  for  several  years,  likewise 
perishes,  unless  it  acts  on  or  unites  with  the  germ,  are 
questions  which  cannot  be  answered  with  certainty.  It  is, 
however,  probable  that  both  sexual  elements  perii^,  unless 
brought  into  union,  simply  from  including  too  little  formative 
matter  for  independent  development.   Quatrefages  has  shown 
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in  the  case  of  the  Teredo,^^  as  did  formerly  Prevost  and  Dnmas 
with  other  animals,  that  more  than  one  spermatozoon  is 
requisite  to  fertilise  an  ovnm.  This  has  likewise  been  shown 
by  Newport,^'  who  proved  by  numerous  experiments,  that, 
when  a  very  small  number  of  spermatozoa  are  applied  to  the 
ova  of  Batrachians,  they  are  only  partially  impregnated,  and 
an  embryo  is  never  fully  developed.  The  rate  also  of  the 
segmentation  of  tlie  ovum  is  determined  by  the  number  of  the 
spermatozoa.  With  respect  to  plants,  nearly  the  same  resulta 
were  obtained  by  Kolreutor  and  Gartner.  This  last  careful 
obsei'ver,  after  making  successive  trials  on  a  Malva  with 
more  and  more  pollen-grains,  found,^^  that  even  thirty  grains 
did  not  fertilise  a  single  seed ;  but  when  forty  grains  were 
applied  to  the  stigma,  a  few  seeds  of  small  size  were  formed. 
In  the  case  of  Mirabilis  the  pollen  grains  are  extraordinarily 
largo,  and  the  ovarium  contains  only  a  single  ovule ;  and 
these  circumstances  led  Naudin^*  to  make  the  following 
cx]X3rimont8 :  a  flower  was  fertilised  by  three  grains  and 
snccooded  perfectly ;  twelve  flowers  were  fertilised  by  two 
grains,  and  seventeen  flowers  by  a  single  grain,  and  of  these 
one  flower  alone  in  each  lot  perfected  its  seed:  and  it  deserves 
especial  notice  that  the  plants  produced  by  these  two  seeds 
never  attained  their  proper  dimensions,  and  bore  flowers  of 
remarkably  small  size.  From  these  facts  we  clearly  see  that 
the  quantity  of  the  peculiar  formative  matter  which  is 
contained  within  the  spermatozoa  and  pollen-grains  is  an  all- 
important  element  in  the  act  of  fertilisation,  not  only  for 
the  full  development  of  the  seed,  but  for  the  vigour  of  the 
plant  produced  from  such  seed.  We  see  something  of  the 
same  kind  in  certain  cases  of  parthenogenesis,  that  is,  when 
the  male  element  is  wholly  excluded;    for  M.  Jourdan^* 


"  <  Annales  des  Sc  Nat,'  Srd  series, 
18.50,  torn.  xiii. 

"  'Transact  Phil.  Soc,'  1851,  pp. 
196,  208,  210 ;  1853,  pp.  245,  247. 

**  'Beitrage  zur  Kenntniss,'  <&c, 
1844,  s.  345. 

"  ^Nourelles  Archives  da  Mu- 
v^uro,'  torn.  i.  p.  27. 

I*  As  quoted  by  Sir  J.  Lubbock  in 
•Nat  HUt   Review'  1862,   p.  345. 


Weijenbergh  alM  raised  ('Natjre,' 
l>ec.  21.  1871,  p.  14())  two  suooessive 
genorations  frmn  unimpregnatod  fe- 
males of  another  lepidopterovs  Insect, 
Liparii  dispar.  Ihesa  females  did 
not  prod  ace  at  most  one-twentieth 
of  their  full  complement  of  eggs,  and 
manj  of  the  eggs  were  worthless. 
Moreover  the  caterpillars  raised  from 
these  anfertilised  eggs  **  possessed  far 
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found  that,  out  of  about  58,000  eggs  laid  by  unimpregnated 
silk-mothfl,  many  passed  through  their  early  embryonio 
stages,  showing  that  they  were  capable  of  self-development, 
but  only  twenty*nine  out  of  the  whole  number  produced 
caterpillars.  The  same  principle  of  quantity  seems  to  hold 
good  even  in  artificial  fissiparous  reproduction,  for  HaeckeP^ 
found  that  by  cutting  the  segmented  and  fertilised  ova  or 
larv»  of  Siphonophone  (jelly-fishes)  into  pieces,  the  smaller 
the  pieces  were,  the  slower  was  the  rate  of  development,  and 
the  larvaa  thus  produced  were  by  so  much  the  more  imperfect 
and  inclined  to  monstrosity.  It  seems,  therefore,  probable 
that  with  the  separate  sexual  elements  deficient  qtiantity 
of  formative  matter  is  the  main  cause  of  their  not  having 
the  capacity  for  prolonged  existence  and  development,  tinless 
they  combine  and  thus  increase  each  other's  bulk.  The  belief 
that  it  is  the  function  of  the  spermatozoa  to  communicate 
life  to  the  ovule  seems  a  strange  one,  seeing  that  the  xm- 
impregnated  ovule  is  already  alive  and  generally  imdergoes  a 
certain  amount  of  independent  development.  Sexual  and 
asexual  reproduction  are  thus  seen  not  to  difier  essentially ; 
and  we  have  already  shown  that  asexual  reproduction,  ike 
power  of  re-growth  and  development  are  all  parts  of  one  and 
the  same  great  law. 

Be-^rawih  ofamptUated  porta, — ^This  subject  deserves  a  little 
further  discussion.  A  multitude  of  the  lower  animals  and 
some  vertebrates  possess  this  wonderful  power.  For  instance, 
Spallanzani  cut  off  the  legs  and  tail  of  the  same  salamander  six 
times  successively,  and  Bonnet,^"  did  so  eight  times ;  and  on 
each  occasion  the  limbs  were  reproduced  on  the  exact  line  of 
amputation,  with  no  part  deficient  or  in  excess.  An  allied 
animal,  the  axolotl,  had  a  limb  bitten  off,  which  was  re- 
produced in  an  abnormal    condition,  but  when  this  was 


len  Titality  "  than  thoM  from  ferti-  **  Spallanzani,  *An  Essay  on  Animal 

lised  eggs.    In  the  third  partheno-  Reproduction,'    translated    br    Ut, 

genetic  generation  not  a  single  egg  Maty,  1769,  p.  79.    Bonnet,  <  CEnrrei 

yielded  a  caterpillar.  d'Hist.  Kat,^  torn,  r.,  part  i.,  ito. 

"  *  Entwiokelnngsgeschichte     der  edit.,  1781,  pp.  343,  350. 
Siphonophora,'  1869,  p.  73. 
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amputated  it  was  replaoed-^j  a  perfeot  limb.^*  The  new 
limlDs  in  these  cases  bud  forth,  and  are  developed  in  the  same 
manner  as  during  the.reg^ar  development  of  a  young  animal. 
For  instance;  with  the  Amblffstoma  lurida^  three  toes  are  first 
developed,  then  the  fourth,  and  on  the  hind-feet  the  fifth, 
and  so  it  is  with  a  reproduced  limb.^*  . . 

The  power  of .  re-growth  is  generally  much  greater  during 
thd  youth'of  an  animal  or  during  the  earlier  stages  of  its  de- 
velopment than  during  maturity, ,  The  larvae  or  tadpoles  of  the 
Batraohians  are  capable  of  reproducing  lost  members,  but 
not  so  the  adults.*^  Mature  insects  have  no  power  of  re- 
growth,  excepting  in  one  order,  whilst  the  larvad  of  many  kinds 
have,  this  power.  Animals  low  in  the  scale  are  able,  as  a 
general  rule,  to  reprodupe  lost  parts  far  more  easily  than  those 
which  are  more  highly  organised.  ^  The  myriapods  offer  a  good 
illustration  of  this  rule ;  but  •  there  are  some  strange  ex- 
ceptions to  it—thus  Nemerteans,  though  lowly  organised,  are 
said  to  exhibit  .little  power  of  re-growth.  With  the  higher 
vertebra.ta,  such  as  birds  and  mammals,  the  jpower  is  extremely 
limited."   .  ^    :  • 

.  In  the  case  of  those  animals  which  may  be  bisected  or 
chopped,  into  pieces,  and  of .  which  every  fragment  will 
reproduce  the  whole,  the  power  of  re-growth  must  be  diffused 
throughout  the  whole  body.  Nevertheless  there  seems  to  be 
much  truth  in  the  view  maintained  by  Prof.  Lessona,**  that 
this  capacity  is  generally  a  localised  and  special  one,  serving 
to  replace  parts  which  are  eminently  liable  to  be  lost  in  each 
particular  animal.  .  The  most  striking  case  in  fiivour  of  this 
new,  is  that  the  terrestrial  salamander,  according  to  Lessona, 
sannot  reproduce  lost  p(ui»,  whilst  another  species  of  the 

"  Valpian,    m    quoUd    b^  Prof.  thU  member,  it  wu  tSMrtod,  had 

'^aivre,  *  La  VariabiliM  da  ksptees,'  been  thrioe  reproduced;  haying  been 

iSdS,  p.  112.  ...  ]o,^  I  preaame,  each  time  bj  diaeaie. 

'*  Dr.  P.  Uof ,  <  The  American  Nftf  a-  .  Sir  J.  Pag^t  informa  me  that  he  feeU 

lalist,'  Sept. '1871,  p.  579.  eome  doubt  about  the  facta  recorded 

"  Dr.  Oanther,  in  Owen's  'Ana-  by  Sir  J.  Simpeon  (' Monthlj  Journal 

torn  J  of  Vertebratet,'  toI.  L,  1866,  p.  of  Medical  Science,'  Edinburgh,  1848, 


.567.  .,  Spallaasani  has  made  similar  new  series,  vol.  ii.  p.  890)  or  the 

obserrations.  growth  of  limbs  in  the  womb  in  the 

,**  A  thrush  was  exhibited  before  case  of  man. 

\he  BriUsh  Association  at  Hull,  in  .    »  <  Atti  della  Soc.  lUl.  di  Sc  Nat., 

1853,  which  had  lost  its  Ursus,  and  rol.  zi.,  1869,  p.  493. 
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same  genus,  the  aquatic  8alamaiid^„  has  extraordinary  powers 
of  re-growthf  as  we  have  jnst  seen;  .and  this  animal  is 
eminently^  liable  to  have  its  Umbs,  tail,  eyes  and -jaws  bitten 
off  by  other  tritons.'^  Even  with  the  aquatic  salamander 
the  capacity  is  to  a  certain,  extent  localised,  for  when  M. 
Philipeaux,'*  extirpated  the  entire  fore  limb  together  with 
tlic  scapula,  the  power  of  re-growth  was  completely  lost.  It 
is  also  a  remarkable  fact,  standing  in  opposition  to  a  very 
general  rule,  that  the  young  of  the  aquatic  salamander  do  not 
possess  the  power  of  repairing  their  limbs  in  an  equal  degree 
with  the  adults;'*  but  I  do  not  know  that  they  are  more 
active,  or  can  otherwise  better  escape  the  loss  of  their  limbs, 
than  the  adults,  llie  walking-stick  insect,  Diafheromera 
femoratOy  like  other  insects  of  tibe  same  order,  can  reproduce 
its  legs  in  the  mature  state,  and  these  from  their  great  length 
must  be  liable  to  be  lost :  but  the  capacity^is  localised  (as  in 
the  case  of  the  salamander),  for  Dr.  Scudder  found,?^  that  if 
the  limb  was  removed  within  the  trochanto-femoral  articula- 
tion, it  was  never  renewed.  When  a  crab  is  seized  by  one  of 
its  legs,  this  is  thrown  off  at  the  basal  joint,  being  afterwards 
replaced  by  a  new  log ;  and  it  is  generally  admitted  that  this 
is  a  special  provision  for  the  safety  of  tiie  animal.  Lastly, 
with  gasteropod  molluscs,  which  are  well  known  to  have  the 
power  of  reproducing  their  heads,  Lessona  shows  that  they 
are  very  liable  to  have  their  heads  bitten  off  by  fishes ;  the 
rest  of  the  body  being  protected  by  the  shell.  Even  with 
plants  we  see  something  of  the  same  kind,  for  non-deciduous 
leaves  and  young  stems  have  no  power  of  re-growth,  these 
parts  being  easily  replaoed  by  growth  from  new  buds;  whilst 
the  bark  and  subjacent  tissues  of  the  trunks  of  trees  have 
great  power  of  re-grpwth,  probably  on  account  of  their  increase 
in  diameter,  and  of  their ..liaibility  to. injury  from  being 
gnawed  by  animals.  >       »   ■      • 

**  I..efl8ooa  states  that  this  is  so  ^n  r.  p.  294,  as  quoted  by  Prof.  RolIestoQ 

thR  )iaper  just  referred  to.     8m  aUo  in  his  remarlcabie  address  to  the  dOth 

•The    American    Naturalist,'    Sept.  annnal  meeting  of  the  British  Medieal 

1871,  p.  579.  Association. 

*«  « Comptes  Rendns,'  Oct.  1,  1866,  •'  '  Proc  Boston  Soo.  of  Nat  Hirt./ 

and  Jane,  1867.  vol.  xii.,  1868-69,  p.  1. 

**  Bonnet,  *  (EuTres  Hist  Nat,'  toL 
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Orafl-hyhrtda.—lt  is  well  known  from  innumerable  trials 
made  in  all  parts  of  the  world,  that  buds  may  be  inserted 
into  a  stock,  and  that  the  plants  thus  raised  are  not  aflfected 
in  a  greater  degree  than  can  be  accounted  for  by  changed 
nutrition.  Nor  do  the  seedlings  raised  from  sudi  inserted 
buds  partake  of  the  character  of  the  stock,  though  they  are 
more  liable  to  vary  than  are  seedlings  from  the  same  variety 
growing  on  its  own  roots.  A  bud,  also,  may  sport  into  a  new 
and  strongly-marked  variety  without  any  other  bud  on  the 
same  plant  being  in  the  least  degree  afTootod.  We  may  there- 
fore infer,  in  accordance  with  the  common  view,  that  each 
bud  is  a  distinct  individual,  and  that  its  formative  elements 
do  not  spread  beyond  the  parts  subsequently  developed 
from  it.  Nevertheless,  we  have  seen  in  the  abstract  on 
graft  hybridisation  in  the  eleventh  chapter  that  buds  certainly 
include  formative  matter,  which  can  occasionally  combine 
with  that  included  in  the  tissues  of  a  distinct  variety  or 
species ;  a  plant  intermediate  between  the  two  parent-forms 
being  thus  produced.  In  the  case  of  the  potato  we  have  seen 
that  the  tubers  produced  from  a  bud  of  one  kind  inserted  into 
another  are  intermediate  in  colour,  size,  shape  and  state  of 
surface ;  that  the  stems,  foliage,  and  even  certain  constitutional 
peculiarities,  such  as  precocity,  are  likewise  intermediate. 
With  these  well-established  cases,  the  evidence  that  graft- 
hybrids  have  also  been  produced  with  the  laburnum,  orange, 
vine,  rose,  &c.,  seems  sufficient.  But  we  do  not  know 
under  what  conditions  this  rare  form  of  reproduction  is 
possible.  From  these  several  cases  we  learn  the  important 
fact  that  formative  elements  capable  of  blending  with  those 
of  a  distinct  individual  (and  this  is  the  chief  character- 
istic of  sexual  generation),  are  not  confined  to  the  repro- 
ductive organs,  but  are  present  in  the  buds  and  cellular  tissue 
of  plants;  and  this  is  a  fact  of  the  highest  physiological 
importance. 

Direct  Adian  of  llie  Male  Element  on  the  Female. — In 
the  eleventh  chapter,  abundant  proofs  were  given  thai 
foreign  pollen  occasionally  affects  in  a  direct  manner  the 
mother-plant.  Thus,  when  Gallesio  fertilised  an  orange- 
flower  with  pollen  from  the  lemon,  the  fruit  bore  stripes 
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of  perfeoily  oharaoterised  lemon-peeL  With  peas,  seyeral 
obflerveTB  have  seen  the  oolonr  of  the  seed-coats  and  even 
of  the  pod  directly  affected  by  the  pollen  of  a  distinct 
variety.  So  it  has  been  with  ike  fruit  of  the  apple,  which 
consists  of  the  modified  calyx  and  upper  part  of  the  flower- 
stalk.  In  ordinary  cases  these  parts  are  wholly  formed  by 
the  mother-plant.  We  here  see  that  the  formaliTe  elements 
included  within  the  male  element  or  pollen  of  one  variety 
can  affect  and  hybridise,  not  the  part  which  they  are  properly 
adapted  to  affoct,  namely,  the  oyuIos,  but  the  partially-deyeloped 
tissues  of  a  distinct  variety  or  species.  We  are  thus  brought 
half-way  towards  a  graft-hybrid,  in  which  the  formative 
elements  included  within  the  tissues  of  one  individual  com- 
bine with  those  included  in  the  tissues  of  a  distinct  variety 
or  species,  thus  giving  rise  to  a  new  and  intermediate  form, 
independently  of  the  male  or  female  sexual  organs. 

With  aniinals  which  do  not  breed  imtil  nearly  mature,  and 
of  which  all  the  parts  are  then  fully  developed,  it  is  hardly 
possible  that  the  male  element  should  directly  affect  the 
female.  But  we  have  the  analogous  and  perfectly  well-ascer- 
tained case  of  the  male'  element  affecting  (as  with  the 
quagga  and  Lord  Morton's  mare)  the  female  or  her  ova,  in 
such  a  manner,  that  when  she  is  impregnated  by  another 
male  her  offspring  are  affected  and  hybridised  by  the  first 
male.  The  explanation  would  be  simple  if  the  spermatozoa 
could  keep  alive  within  the  body  of  the  female  during  the 
long  interval  which  has  sometimes  elapsed  between  the  two 
acts  of  impregnation;  but  no  one  will  suppose  that  this  is 
possible  with  the  higher  animals. 

Devdnpmeni, — The  fertilised  germ  reaches  maturity  by  a 
vast  number  of  changes :  these  are  either  slight  and  slowly 
effected,  as  when  the  child  grows  into  the  man,  or^are  great 
and  sudden,  as  with  the  metamorphoses  of  most  insects. 
Between  these  extremes  we  have  every  gradation,  even  within 
the  same  class ;  thus,  as  Sir  J.  Lubbock  has  shown,^*  there 
is  an  Ephemerous  insect  which  moults  above  twenty  times, 
undergoing  each  time  a  slight  but  decided  change  of  structure ; 
and  these  changes,  as  he  further  remarks,  probably  reveal  to 

**  *  Transact.  Lion.  Soc.,'  toI.  zxir.,  1863,  p.  62. 
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UB  the  normal  stages  of  developiiient,  which  are  .  concealed 
and  hurried  throngh  or  suppressed  in  most  other  insects. 
In  ordinary  metamorphoses,  the  parts  and  organs  appear  to 
become  changed  into  the  corresponding  parts  in  the  next 
stage  of  deyelopment ;  but  there  is  another  form  of  develop* 
ment,  which  has  been  called  bj  Professor  Owen  metagenesis. 
In  this  case  **  the  new^  parts  are  not  moulded  upon  the  inner 
^  surface  of  the  old  ones.  The.  plastic  force  has  changed  its 
**  course  of  operation.  The  outer  case,  and  all  that  gave  form 
'*  and  character  to  the  precedent  individual,  perish  and  are 
'*  cast  off;  they  are  not  changed  into  the  corresponding  parts 
"  of  the  new  individuaL  These  are  due  to  a  new  and  distinct 
"  developmentid  process,".  Sso,^*  Metamorphosis,  however, 
graduates  so  insensibly  into  metagenesis,  that  the  two  pro- 
cesses cannot  be  distinctly  separated.  For  instance,  in  the 
last  change  which  Cirripedes  undergo,  the  alimentary  canal 
and  some  other  organs  are  moulded  on  pro-existing  parts ; 
but  the  eyes  of  the  old  and  the  young  animal  are  developed 
in  entirely  different  parts  of  the  body ;  the  tips  pf  the  mature 
limbs  are  formed  within  the  larval  limbs,  and  may  be  said 
to.  be  metamorphosed  from  them ;  but  their  basal  portions 
and  the  whole  thorax  are  developed  in  a  plane  at  right  angles 
to  the  larval. limbs  and  thorax;  and  this  may  be  called 
metagenesis. ;  Qlie  metagenetio  process  is  carried  to  an  ex- 
treme point  in  the  development,  of  some  Echinoderms,  for 
the  animal  in  the  second  stage  of  development  is  formed 
almost  like  a  bud  within  the  animal  of  the  first  stage, 
the  latter  being  then  cast  off  like  an  old  vestment,  yet 
sometimes  maintaining  for  a  short  period  an  independent 
vitality.'^ 

If,  instead  of  a  single  individual,  several  were  to  bo  thus 
developed  metagenetically  within  a  pre-existing  form,  the 
process  would  be  called  one  of  alternate  generation.  The 
young  thus  developed  may  either  closely  resemble  the  encasing 

■*  *  Purihenogeneili,'  1849,  pp.  25,'  graduates  into  gemmation  or  soid- 

2>).    Prof.  Huxley  has  some  ezceUeoi  '  formation,  which  is  in  fact  the  same 

remarlcs  0  Medical  Tiroes,'  1856,  p.  as  metagenesis. 
637)  on  this  subject  in  reference  to  **  Prot  J.  Reaj  Greene,  in  Oiin- 

the  doTelopment  of  star-fishes,  and  ther's  *  Record  of  Zoolog.  Lit.,'  1865^ 

shows  how  curiously  metamorphosis  p.  625. 
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pareni-form,  as  with  the  larvce  of-  Ceddomyia,  or  may  diffei 
to  an  astonishing  degree,  as  with  man j  parasitic  worms  and 
jelly- fishes;  but  this  does  not  make 'any  essential  diflferenoe 
in  the  process,  any  more  than  the  greatness  or  abruptness  of 
the  change  in  the  metamorphoses  of  insects. 

The  whole  question  of  deyelopment  is  of  great  importance 
for  our  present  subject.  AVhen  an  organ,  the  eye,  for  instance, 
is  metagenetically  formed  in  a  part  of  the  body  where  during 
the  previous  stage. of  dcTelopment  no  eye  existed,  we  must 
look  at  it  as  a  nidw  and  independent  growth,  The  absolute 
independence  of  new  and  old  structures,  although  corre- 
sponding in  structure  and  function,  is  still  more  obvious  when 
several  individuals  are  formed  within  a  previous  form,  as  in 
the  case^  of  alternate  generation. .  The  same  important  prin- 
ciple probably  comes  largely  into  play  even  in  the  case  of 
apparently  continuous  growth,  as  we  dball  see  when  we  con- 
sider the  inheritance  of  modifications  at  corresponding  ages. 

Wo  are  led  to  the  same  conclusion,  namely,  the  independ- 
ence of  parts  successively  developed,  by  another  and  quite 
distinct  group  of  facts.  It  is  well  known  that  many  animals 
belonging  to  the  same  order,  and  therefore  not  differing  widely 
from  each  other,  pass  through  an  extremely  different  course 
of  development.  Thus  certain  beetles,  not  in  any  way.  re- 
markably different  from  others  of  the  same  order,  undergo 
what  •  has  been  called  a  hyper-metamorphosis — that  is,  they 
pass  through  an  early  stage  wholly  different  from  the  ordinary 
grub-like  larva.  In  the  same  sub-order  of  crabs,  namely,  the 
Macroura,  as  Fritz  Miiller  remarks,  the  river  cray-fish  is 
hatched  under  the  same  form  which  it  ever  afterwards  retains ; 
the  young  lobster  has  divided  legs,  like  a  Mysis ;  the  Falnmon 
appears  under  the  form  of  a  Zoea,  and  Peneus. under  the 
Kauplius-form ;  and  how  wonderfully  these  larval  forms  differ 
from  one  another,  is  known  to  every  naturalist.'^  Some 
other  crustaceans,  as  the  same  author  observes,  start  from  the 
same  point  and  arrive  at  nearly  the  same  end,  but  in  the 

"  Friii    MUller's    <FUr  Darwin,'  Nat.,*  2nd  Mries,  Zoolog.,  torn.  iil.  p. 

1S64,    I.    65,    71.       The    highest  822)  on   the  differenee  In  the  meta* 

aaihoritjTdn  crustaceans,  Prof.  Milne-  morphoeis  of  doselj-allied  genera. 
Ibdwards,  insists   ('Annal.  det   ScL 
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middle  of  their  deyelopment  are  widely  different  from  one 
another.  Still  more  striking  canes  ooold  be  given  with 
respect  to  the  Echinodermata.  With  the  MednssD  or  jelly- 
fishes  Professor  AUman  observes,  *'  The  classification  of  the 
**  Hydroida  would  be  a  comparatively  simple  task  if,  as  has 
been  erroneously  asserted,  generioally-identical  medusoids 
always  aroae  from  generioaUy-identioal  polypoida;  and,  on 
the  other  hand,  that  generically-identical  polypoids  always 
gave  origin  to  generically-identical  mednsoids.'*  So  again. 
Dr.  Strethill  Wright  remarks,  '*  In  the  life-history  of  the 
**  Hydroidffi  any  phase,  planuloid,  polypoid,  or  medusoid,  may 
"  be  absent."  ^ 

According  to  the  belief  now  generally  accepted  by  onr  beet 
naturalists,  all  the  members  of  the  same  order  or  class,  for 
instance,  the  Mednsao  or  the  Macronrons  cmstaceans,  are 
descended  from  a  common  progenitor.  Daring  their  descent 
they  have  diverged  much  in  stmcture,  but  have  retained 
much  in  common ;  and  this  has  occurred,  though  they  have 
passed  through  and  still  pass  through  marvellously  different 
metamorphoses.  This  fact  well  illustrates  how  independent 
each  structure  is  from  that  which  precedes  and  that  which 
follows  it  in  the  course  of  development. 

The  Funeiiondl  Independence  of  the  ElemenU  or  Units  of  the 
Body, — Physiologists  agree  that  the  whole  organism  consists 
of  a  multitude  of  elemental  parts,  which  are  to  a  groat  extent 
independent  of  one  another.  Each  organ,  says  Claude 
Bernard,'^  has  its  proper  life,  its  autonomy ;  it  can  develop 
and  reproduce  itself  independently  of  the  adjoining  tissues. 
A  great  German  authority,  Yirdiow,'^  asserts  still  more 
emphatically  that  each  system  consists  of  an  "  enormous 

"  mass  of  minute  centres  of  action Every  element  has 

*'  its  own  special  action,  and  even  though  it  derive  its  stimulus 
'*  to  activity  from  other  parts,  yet  alone  effects  the  actual 
*'  performance  of  duties Every  single  epithelial  and 

*■  Prof.  Allman,  in  'Annals  and  by  San. 
Mag.  of  Nat.  Hist^'  3nl  Mriet,  rol.  •*  'Tlssns  VlTanU,'  1666,  p.  22. 

ziii.,  1864,  p.  848;    Dr.  S.  Wright,  •*  'Cellular  Pathology,'  traaslaU 

ibid.,  Tol.  ▼ill.,  1861,  p.  127.      Soe  by  Dr.  Chanca,  1860,  pp.  14, 18,  9^ 

alio  p.  858  for  analogoai  •tatamanti  460. 
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"muscular  fibro-coU  leads  a  sort  of  parasitical  existence  in 

*' relation  to  the  rest  of  the  body Every  single  bone- 

"  oorpnsdle  really  possesses  conditions  of  nutrition  peculiar  to 
*'  itself."  Each  element,  as  Sir  J.  Paget  remarks,  lives  its 
appointed  time  and  then  dies,  and  is  replaced  after  being 
cast  off  or  absorbed.'*  I  presume  that  no  physiologist  doubts 
that,  for  instance,  each  bone-corpuscle  of  tiie  finger  differs 
from  the  corresponding  corpuscle  in  the  corresponding  joint 
of  the  toe ;  and  there  can  hardly  be  a  doubt  that  even  those 
on  the  corresponding  sides  of  the  body  differ,  though  almost 
identical  in  nature,  lids  near  approach  to  identity  is 
curiously  shown  in  many  diseases  in  which  the  same  exact 
points  on  the  right  and  left  sides  of  the  body  are  similarly 
affected ;  thus  Sir  J.  Paget  '*  gives  a  drawing  of  a  diseased 
pelvis,  in  which  the  bone  has  grown  into  a  most  complicated 
pattern,  but  *'  there  is  not  one  spot  or  line  on  one  side  which 
**  is  not  represented,  as  exactly  as  it  would  be  in  a  miiTor,  on 
"  the  other." 

Many  facts  support  this  view  of  the  independent  life  of 
each  minute  element  of  the  body.  Yirchow  insists  that  a 
single  bone-corpuscle  or  a  single  cell  in  the  Bkin  may  become 
diseased.  The  spur  of  a  cock,  after  being  inserted  into  the 
ear  of  an  ox,  lived  for  eight  years,  and  acquired  a  weight  of 
396  grammes  (nearly  fourteen  ounces),  and  the  astonishing 
length  of  twenty-four  centimetres,  or  about  nine  inches ;  so 
that  the  head  of  the  ox  appeared  to  bear  three  homs.'^  The 
tail  of  a  pig  has  been  grafted  into  the  middle  of  its  back,  and 
reacquired  sensibility.  Dr.  Oilier^  inserted  a  piece  of  perios- 
teum from  the  bone  of  a  young  dog  under  the  skin  of  a  rabbit, 
and  true  bone  was  developed.  A  multitude  of  similar  facts 
could  be  given.  The  frequent  presence  of  hairs  and  of  per- 
fectly developed  teeth,  even  teeth  of  the  second  dentition,  in 
ovarian  tumours,^*  are  facts  leading  to  the  same  conclusion. 

**  Paget,    ,<  Surgical     Pathology,'  desOs/p.S. 

Tol.  i..  1853,  pp.  13>i4.  **  Isidore    Geoffroj    Saint-Hilaire, 

*•  Ibid.,  p.  19.  <  Hist  des  Anomalies,'  torn.   ii.  pp. 

*'  8e«Vrot  Mantegazia's  interest-  549,  560,  562;    Virchow,  ibid.,   p. 

ing  work,  <  Degli  innesti  Animali,'  &&,  484.    Lawson  Tait, '  The  Pathologj  of 

Milano,  1865,  p.  51,  Ub.  3.  Diseases  of  the  Ovaries,'  1874,  pp.  61, 
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Mr.  LawBon  Tait  refers  to,  a  tumour  in  which  **over  800 
teeth  were  found,  resembling  in  many  respeots  milk-teeth ;" 
and  to  another  tumour,  **  full  of  hair  which  had  grown  and 
'*  been  shed  from  one  little  spot  of  skin  not  bigger  than  the  tip 

of  my  little  finger.. ;  The  amount  of  hair  in  the  sac,  had  it 

grown  from  a  similarly  sized  area  of  the  scalp,  would  have 
"  taken  almost  a  lifetime  to  grow  and  be  shed." 

Whether  each  of  the  innumerable  autonomous  elements  of 
the  body  is  a  cell  or  the  modified  product  of  a  coll,  is  a  more 
doubtful  question,  oven  if  so  wide  a  definition  be  given  to  tho 
term,  as  to  include  cell-like  bodies  without  walls  and  without 
nuclei.^®  The  doctrine  of  amniM  cellula  e  eeUtdd  is  admitted 
for  plants,  and  widely  prevails  with  respect  to  animals.^^ 
Thus  Yirchow,  the  great  supporter  of  the  cellular  theory, 
whilst  allowing  that  difiiculties  exist,  maintains  that  every 
atom  of  tissue  is  derived  from  cells,  and  these  from  pre- 
existing cells,  and  these  primarily  from  the  egg,  which  he 
regards  as  a  great  coll.  That  colls,  still  retaining  tho  same 
nature,  increase  by  self-division  or  proliferation,  is  admitted 
by  every  one.  But  when  an  organism  undergoes  great 
changes  of  structure  during  development,  the  cells,  which  at 
each  stage  are  supposed  to  be  directly  derived  from  previously 
existing  cells,  must  likewise  be  greatly  changed  in  nature ; 
this  change  is  attributed  by  the  supporters  of  the  cellular 
doctrine  to  some  inherent  power  which  the  cells  possess, 
and  not  to  any  external  agency.  •  Others  maintain  that  cells 
and  tissues  of  all  kinds  may  be  formed,  independently  of  pre- 
existing •  cells,  from  plastic  lymph  or  blastema,  Whichever 
view  may  be  correct,  every  one  admits  that  the  body  consists 
of  a  multitude  of  organic  units,  all  of  which  possess  their 
own  proper  attributes,  and  are  to  a  certain  extent  independent 
of  all  others.  Hence  it  will  be  convenient  to  use  indifferentl  v 
the  terms  cells  or  organic  units,  or  simply  units. 

Variability  and  Inheritauee, — We  have  seen  in  the  twenty- 
second  chapter  that  variability  is  not  a  principle  co-ordinate 
with  life  or  reproduction,  but  results  from  special  causes, 

M  For  the  most  rttoentclassificutioii  «>  Dr.  W.  Tamer,  <Tbe  Pronent 

of  cells,  JM  Erost  H&ckel's  <  GsDerelle  Aspect  of  CelloUr  Pathology/  *  Edin- 
Morpholog.,'  Band  il,  1866,  s.  275,  burgh  Medical  Journal,'  April,  186a. 
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generally  f2t>m  Qhanged  oonditioius  acting  daring  suooessive 
generations.  The  fluotnating  yariability  thiu  induced  is  iBtp* 
parently  due  in  part  to  the  sexual  system  heing  easily  affected, 
so  that  it  is  often  rendered  impotent;  and  when  not  so 
seriously  affected,  it  often 'fails  in  its  proper '  function  of 
transmitting  truly  the  characters  of  the  parents  to  the 
offspring.  Bat  variability  is  not  necessarily  connected  with 
the  sexual  system,  as  we  see  in  the  cases  of  bud-variation. 
Althoiigh  we  are  seldom  able  to  trace  the  nature  of  the  con- 
nection, many  deviations  of  structure  no  doubt  result  from 
changed  conditions  acting  directly  on  the  organisation,  in- 
dependently of  the  reproductive  system.  In  some  instances 
we  may  feel  sure  of  this,  when  all,  or  nearly  all  the  individuals 
which,  have  been  similarly  exposed  are  similarly  and  defi- 
nitely affected,  of  which  several  instances  have  been  given. 
But  it  is '  by  no  means  dear  why  the  offspring  should  be 
affected  by  the  exposure  of  the  parents  to  new  conditions, 
and  why  it  is  necessary  in  most  cases  that  several  generations 
should  have  been  thus  exposed. 

How,  again,  can  we,  explain  the  inherited  effects  of  the  use 
or  disuse  of  particular  organs  ?  The  domesticated  duck,  flies 
less  and  walks  more  than  the  wild  duck,  and  its  limb-bones 
have  become  diminished  and  increased  in  a  corresponding 
manner  in  comparison  with  those  of  the  wild  duck.  A 
horse  is  trained  to  certain  paces,  and  the  colt  inherits  similar 
consensual  movements.  The  domesticated  rabbit  becomes 
tame  from  close  confinement;  the  dog,  intelligent  from 
associating  with  man ;  the  retriever  is  <  taught  to  fetch  and 
carry ;  and  these  mental  endowments  and  bodily  powers  are 
all  inherited.  Nothing  in  the  whole  circuit  of  physiology  is 
more  wonderful.  How  can*  the  use  or  disuse  of  a  particular 
limb  or  of  the  brain  affect  a  small  aggregate  of  reproductive 
cells,  seated  in  a  distant  part  of  the  body,  in  such  a  manner 
that  the  being  developed  from  these  cells  inherits  the  charac- 
ters of  either  one  or  both  parents  ?  Even  an  imperfect  answer 
to  this  question  would  be  satisfactory. 

In  the  chapters  devoted  to  inheritance  it  was  shown  that  a 
multitude  of  newly-acquired  characters,  whether  injurious  or 
lieneficial,  whether  of  the  lowest  or  highest  vital  importance, 
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are  of  ten  faithfully  transmitted— frequently  even  when  one 
parent  alone  possesses  some  new  peculiarity;  and  we  may 
on  the  whole  oonolude  that  inheritance  is  the  rule,  and 
non-inheritance  the  anomaly.  In  some  instances  a  character 
is  not  inherited,  from  the  conditions  of  life  being  directly 
efpposed  to  its  development;  in  many  instances,  from  the 
conditions  incessantly  inducing  fresh  variability,  as  with 
grafted  fruit-trees  and  highly-cultivated  flowers.  In  the  re- 
maining coses  the  failure  may  be  attributed  to  reversion,  by 
which  the  child  resembles  its  grandparents  or  more  remote 
progenitors,  instead  of  its  parents. 

Inheritance  is  governed  by  various  laws.  Characters  which 
first  appear  at  any  particular  ago  tend  to  reappear  at  a  corre- 
sponding age.  They  often  become  associated  with  certain 
seasons  of  the  year,  and  reappear  in  the  offspring  at  a  corre- 
sponding season.  If  they  appear  rather  late  in  life  in  one  sex, 
they  tend  to  reappear  exclusively  in  the  same  sex  at  the 
same  period  of  life. 

I'he  principle  of  reversion,  recently  alluded  to,  is  one  of 
the  most  wonderful  of  the  attributes  of  Inheritanoe.  It 
proves  to  us  that  the  transmission  of  a  character  and  its 
development,  which  ordinarily  go  together  and  thus  escape 
discrimination,  are  distinct  powers ;  and  these  powers  in  some 
oases  are  even  antagonistic,  for  each  acts  alternately  in  suo- 
oessive  generations.  Beversion  is  not  a  rare  event,  depending 
on  some  unusual  or  favourable  combination  of  circumstances, 
but  occurs  so  regularly  with  crossed  animals  and  plants,  and 
so  frequently  with  uncrossed  breeds,  that  it  is  evidently  an 
essential  part  of  the  principle  of  inheritance.  We  know  that 
changed  conditions  have  the  power  of  evoking  long-lost 
characters,  as  in  the  case  of  animals  becoming  feral.  Tlie 
act  of  crossing  in  itself  possesses  this  power  in  a  high  degree. 
What  can  be  more  wonderful  than  that  characters,  which 
have  disappeared  during  scores,  or  hundreds,  or  even  thou- 
sands of  generations,  should  suddenly  reappear  perfectly 
developed,  as  in  the  case  of  pigeons  and  fowls,  both  when 
purely  bred  and  especially  when  crossed ;  or  as  with  the 
eebrine  stripes  on  dun-coloured  horses,  and  other  such  oases  ? 
Many  monstrosities  come  under  this  same  head,  as  when 
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rudimentary  organs  are  redeveloped,  or  when  an  organ  whioh 
we  must  believe  was  possessed  by  an  early  progenitor  of  tbe 
species,  but  of  which  not  even  a  rudiment  is  left,  suddenly 
reappears,  as  with  the  fifth  stamen  in  some  Sorophulariaoeas. 
We  have  already  seen  that  reversion  acts  in  bud-reproduction ; 
and  we  know  that  it  occasionally  acts  during  the  growth  of 
the  same  individual  animal,  especially,  but  not  exclusively,  if 
of  crossed  parentage, — as  in  the  rare  cases  described  of  fowls, 
pigeons,  cattle,  and  rabbits,  which  have  reverted  to  the  colours 
of  one  of  their  parents  or  ancestors  as  they  advanced  in  years. 
We  are  led  to  believe,  as  formerly  explained,  that  every 
character  which  occasionally  reappears  is  present  in  a  latent 
form  in  each  generation,  in  nearly  the  same  manner  as  in 
male  and  female  animals  the  secondary  characters  of  the 
opposite  sex  lie  latent  and  ready  to  be  evolved  when  the 
reproductive  organs  are  injured.  This  comjmrison  of  the 
secondary  sexual  characters  which  lie  latent  in  both  sexes, 
with  other  latent  characters,  is  the  more  appropriate  from 
the  case  recorded  of  a  Hen,  which  assumed  some  of  the 
masculine  characters,  not  of  her  own  race,  but  of  an  early 
progenitor;  she  thus  exhibited  at  the  same  time  the  re- 
development of  latent  characters  of  both  kinds.  In  every 
living  creature  we  may  feel  assured  that  a  host  of  long-lost 
characters  lie  ready  to  be  evolved  under  proper  conditions. 
How  can  we  make  intelligible  and  connect  with  other  facts, 
this  wonderful  and  common  capacity  of  reversion,  —  this 
power  of  calling  back  to  life  long-lost  characters  ? 

Part  II. 

1  have  now  enumerated  the  chief  faoia  which  every  one 
would  desire  to  see  connected  by  some  intelligible  bond.  This 
can  be  done,  if  we  make  the  following  assumptions,  and 
much  may  be  advanced  in  favour  of  the  chief  one.  The 
secondary  assumptions  can  likewise  be  supported  by  various 
physiological  considerations.  Jt  is  universally  admitted  that 
the  cells  or  units  of  the  body  increase  by  self-division  or 
proliferation,  retaining  the  same  nature,  and  that  they 
ultimately  become  converted  into  the  various  tissues  and 
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■nlwtanoeB  of  the  body.'  But  beeideB  thia  means  of  increaae 
I  assume  that  the  units-  throw  off  minute  granules  which 
are  dispersed  throughout  the  whole  system;  that  these,  when 
supplied  with  proper  nutriment,  multiply  by  self-division, 
and  are  ultimately  developed  into  units  like  those  from  which 
they  were  .originally  derived.  •  These  granules  may  be  called 
gemmules.  They  .are  collected  fixim  all  parts  of  the  system 
to  constitute  the  sexual  elements,  and  their  development  in 
the  next  generation  forms  a  new  being ;  but  they  are  like- 
wise capable,  of  transmission  in  a  dormant  state  to  future 
generations  and  may  then  be  developed.  Their  development 
depends  on.  their  union  with  other  partially  developed  or 
nascent  cells  which  precede  them  in  the  regular  course  of 
growth.  .  Why  I  use  the  term  union,  will  be  seen  when  wo 
discuss  the  direct  fiction  of  pollen  on  the  tissues  of  the  mother- 
plant.  G  emmules  are  supposed  to  be  thrown  off  by  every  unit, 
not  only  during  the  adult  state,  but  during  each  stage  of 
development  of  every  organism ;  but  not  necessarily  during 
the  continued  existence  of  the  same  unit.  Lastly,  I  assume 
that  the  gemmules  in  their  dormant  state  have  a  mutual 
,-affinity  for  each  other,  leading  to  their  aggregation  into  buds 
or  into  the  sexual  elements.  Hence,  it  is  not  the  reproduc- 
tive organs  or  buds  which  generate  new  organisms,  but  the 
units  of  which  each  individual  is  composed*  llieseafipump- 
tions  constitute  the  provisional  hypothesis  which  I  have  called 
Pangenesis.  Views  in  many  respects  similar  have  been  pro- 
pounded by  various  authors.^' 

**  Mr.  G.  H.  LewM  (*  Fortnight] j  tially  different.  Bonnet  (*  (Euvret 
Reriew,' Nor.  1,1868,  p.  506)  remarks  d*Hist.  Nat.,' torn,  r.,  part  I.,  1781, 
on  the  nnmher  of  writen  who  hare  4to  edit.,  p.  334)  ipealce  of  the  limbe 
adranoed  nearly  limilar  riews.  More  haring  germs  adapted  for  the  repara- 
than  two  thousand  rears  ago  Aristotle  tion  of  aU  possible  losses;  but 
combated  a  riew  of  this  kind,  which,  whether  these  germs  are  supposed  to 
as  I  hear  from  Dr.  W.  Ogie,  was  be  the  same  with  thone  within  buds 
hold  bjHippocratM  and  others.  Ray,  and  the  soiual  organ i  Is  not  clear. 
In  his  *  Wisdom  of  God  '  (2nd  edit..  Prof.  Owen  says  (*  Anatomy  of  Verte- 
1692,  p.  68X  my*  that  "erery  part  bratsd^'  rol.  iii.,  1868,  p.  813)  that 
*'  of  the  body  seems  to  club  and  con-  he  fails  to  see  any  fundamental  differ- 
**  tribute  to  the  seed.**.  The  **  organic  enoe  between  the  riews  which  he  pro- 
molecules"  of  Buffon  ('Hist.  Nut.  pounded  in  his  *  Parthenogenesis ' 
Gen.,'  edit,  of  1749,  tom.  ii.  pp.  54, 62,  (1 849,  pp.  5-8),  and  which  he  now  oon- 
829,  333,  420,  425)  appear  at  first  eiders  as  erroneous,  and  my  hypothesis 
light  to  be  the  same  as  the  gemmules  of  pangenesis :  but  a  reriewer  ('  Jour- 
N  my  hypothesis,  but  they  are  essen-  nal  of  Anat.  and  Phys.,'  May,  1869, 
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Before  proceeding  to  show,  firatly,  how  far  these  ajssnmp- 
tions  are  in  themflelves  probable,  and  aeoondlj,  how  Haa  they 
oonneot  and  ezpUin  the  various  groups  of  faots  with  which 
we  are  concerned,  it  may  be  useful  to  give  an  illustration,  as 
simple  as  possible,  of  the  hypothesis.  If  one  of  the  Protozoa  be 
formed,  as  it  appears  under  the  microscope,  of  a  small  mass  of 
homogeneous  gelatinous  matter,  a  minute  particle  or  gemmule 
thrown  off  from  any  part  and  nourished  under  fayourable 
circumstances  would  reproduce  the  whole ;  but  if  the  upper 
and  lower  surfaces  were  to  differ  in  texture  from  each  other 
and  from  the  central  portion^  then  all  three  parts  would  have 
to  throw  off  gemmules,  which  when  aggregated  hy  mutual 
afi&nity  would  form  either  buds  or  the  sexual  elements,  and 
would  ultimately  be  developed  into  a  similar  organism. 
Precisely  the  same  view  may  be  extended  to  one  of  the 
higher  animals;  although  in  this  case  many  thousand 
gemmules  must  be  thrown  off  from  the  various  parts  of  the 
body  at  each  stage  of  development ;  these  gemmules  being 
developed  in  union  with  pre-existing  nascent  cells  in  due 
order  of  succession. 

Physiologists  maintain,  as  we  have  seen,  that  each  unit  of 
the  body,  though  to  a  large  extent  dependent  on  others,  is 
likewise  to  a  certain  extent  independent  or  autonomous,-  and 
has  the  power  of  increasing  by  self-division.  I  go  one  step 
further,  and  assume  that  each  unit  casts  off  free  gemmules 
which  are  dispersed  throughout  the  system,  and  are  capable 
under  proper  conditions  of  being  developed  into  similar  units. 
Nor  can  this  assumption  be  considered  as  gpratuitous  and 
improbable.  It  is  manifest  that  the  sexual  elements  and  buds 
include  formative  matter  of  some  kind,  capable  of  develop- 
ment ;  and  we  now  know  from  the  production  of  graft-hybrids 
that  similar  matter  is  dispersed  throughout  the  tissues  of 


p.   441)  shows    how  difibreot    they  I^nstlj,  it  appears  from  a  review  of 

reallj  are.     I  formerly  thought  that  the  present  work  by  Prof.   Mnnte* 

the  "  physiological  units  "  of  Herbert  gazxa  (*  Nuora  Antologia,   Magi;io,' 

S}ieiicer(* Principles  of  Biology/ vol.  18tf8),  that  he  (in  his  'Element!  di 

L,    ohapt.    It.    and    yiii.,    1863-64)  Igiene,'  Rdix.   iii.,  p.    540)    clearly 

ware  the  same  as  my  gemmules,  but  foresaw  the  doctrine  of  pangenesis. 
I  now  know  that  thi«  is  not  the  easa. 
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plants,  and  can  combine  with  tliat  of  another  and  distinct 
plant,  giving  rise  to  a  new  being,  intermediate  in  character. 
We  know  also  that  the  male  element  can  act  directly  on  the 
partially  developed  tissues  of  the  mother-plant,  and  on  the 
fntore  progeny  of  female  animals.  The  formative  matter 
which  is  thus  dispersed  throughout  the  tissues  of  plants, 
and  which  is  capable  of  being  developed  into  each  unit  or 
part,  must  be  generated  there  by  some  means ;  and  my  chief 
assumption  is  that  this  matter  consists  of  minute  particles 
or  gcmmulcs  cast  off  from  each  unit  or  coll.^^ 

But  I  have  further  to  assume  that  the  gemmules  in  their  un- 
develox>ed  state  are  capable  of  largely  multiplying  themselves 
by  self -division,  like  independent  organisms.  Delpino  insists 
that  to  '*  admit  of  multiplication  by  fissiparity  in  corpuscles, 
"  analogous  to  seeds  or  buds  ...  is  repugnant  to  all  analogy." 
But  this  seems  a  strange  objection,  as  Thuret^^  has  seen  the 
7xx)6pore  of  an  alga  divide  itself,  and  each  half  germinated. 
Haeckel  divided  the  segmented  ovum  of  a  siphonophora  int^) 
many  pieces,  and  these  were  developed.  Nor  does  the  extreme 
minuteness  of  the  gemmules,  which  can  hardly  differ  much  in 
nature  from  the  lowest  and  simplest  organisms,  render  it 
improbable  that  they  should  grow  and  multiply.  A  great 
authority.  Dr.  Beale,^*  says  *'that  minute  yeast  cells  are 
capable  of  throwing  off  buds  or  gemmules,  much  less  than 
the  ipJopo  of  an  inch  in  diameter ;"  and  these  ho  thinks  are 
capable  of  subdivision  practically  ad  infinitum." 
A  particle  of  small-poz  matter,  so  minute  as  to  be  borne  by 
the  wind,  must  multiply  itself  many  thousandfold  in  a  person 
thus  inoculated ;  and  so  with  the  contagious  matter  of  scarlet 
fever.^*  It  has  recently  been  ascertained^^  that  a  minute 
portion  of  the  mucous  discharge  from  an  animal  affected  with 
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**  Mr.  Lown«  has  nbserrcd  ('  Jour- 
nal of  Qneckett  Microscopical  Club,' 
Sept.  23,  1870)  otrUin  remarkable 
changes  in  the  tissues  of  the  lanra  of 
a  fly,  which  makes  him  beliere  **  it 
**  possible  that  organs  and  organisms 
**  are  sometimes  developed  by  the 
**  aggregation  of  excessively  minute 
**  gemmules,  such  as  those  which  Mr. 
"  Darwin's  hypothesis  demMda," 
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Annales    dee    So.    Nat.,'    8rU 
series,  Bot.,  tom.  xlr.,  1850,  p.  SM4. 

^  <  Disease  Germs,'  p.  20. 

**  See  some  very  interesting  papers 
on  this  subject  by  Dr.  Beale,  in 
<  Medical  Times  and  Oasette,'  Sept. 
9th,  1865,  pp.  Sf73,  330. 

«'  Third  Report  of  the  K.  Comm 
on  the  Cattle  Plague,  as  quoted  ip 
'  Card.  Chronicle,'  1866,  p.  446. 
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rinderpest,  if  placed  in  the  blood  of  a  healthy  ox,  increases 
so  £Bust  that  in  a  short  space  of  time  "the  whole  mass  of 
*'  blood,  weighing  many  pounds,  is  infected,  and  eyery  small 
"  particle  of  that  blood  contains  enough  poison  to  give, 
"  within  less  than  forty-eight  hours,  the  disease  to  another 
"  animal." 

The  retention  of  free  and  undeveloped  gemmules  in  the 
same  body  from  early  youth  to  old  age  will  appear  improb- 
able, but  we  should  remember  how  long  seeds  lie  dormant  in 
the  earth  and  buds  in  the  bark  of  a  tree.  Their  transmission 
from  generation  to  generation  wiU  appear  still  more  improb- 
able ;  but  here  again  we  should  remember  that  many  rudimen- 
tary and  useless  organs  have  been  transmitted  during  an 
indefinite  number  of  generations.  We  shall  presently  see 
how  well  the  long-continued  transmission  of  undeveloped 
gemmules  explains  many  facts. 

As  each  unit,  or  group  of  similar  units,  throughout  the 
body,  casts  off  its  gemmules,  and  as  all  are  contained  within 
the  smallest  ovule,  and  within  each  spermatozoon  or  pollen- 
grain,  and  as  some  animals  and  plants  produce  an  astonishing 
number  of  pollen-grains  and  ovules,^*  the  number  and  minute- 
ness of  the  gemmules  must  be  something  inconceivable.  But 
considering  how  minute  the  molecules  are,  and  how  many 
go  to  the  formation  of  the  smallest  granule  of  any  ordinary 
substance,  this  difficulty  with  respect  to  the  gemmules  is  not 
insuperable.  From  the  data  arrived  at  by  Sir  W.  Thomson, 
my  son  George  finds  that  a  cube  of  u^^jsj^  of  an  inch  of  glass 
or  water  must  consist  of  between  16  million  millions,  and  181 
thousand  million  million  molecules.  No  doubt  the  molecules 
of  which  an  organism  is  formed  are  larger,  from  being  more 
complex,  than  those  of  an  inorganic  substance,  and  probably 


«•  Mr.  F.Buckland  found  6,867,840 
Qggi  in  a  cod-fish  {*  Land  and  Water,' 
1868,  p.  62).  An  Ascaris  produces 
about  64,000,000  eggs  (Carpenter's 
<  Comp.  Ph  js.,'  1854,  p.  590).  Mr.  J. 
Scott,  of  the  Royal  Botanic  Qarden 
of  Edinburgh,  calculated,  in  the  same 
manner  as  I  hmra  done  for  some 
British  Orchids  (<  Fertilisation  of 
Orchids,'  p.   844X   the    number    of 
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seeds  in  a  capsule  of  an  Acropera 
and  found  the  numl>er  to  be  371,250. 
Now  this  plant  produces  sereral 
flowers  on  a  raceme,  and  manj  ra- 
cemes during  a  season.  In  an  allied 
genus,  Gongora,  Mr.  Scott  has  seen 
twenty  capsules  produced  on  a  single 
raceme;  ten  such  racemes  on  the 
Acropera  would  yield  abore  serenty* 
four  mUlions  of  seed. 
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many  moleoules  go  to  thefonnation  of  a  gemmule ;  but  when  we 
bear  in.  mind  that  a  cube  ot^vhrv  ^^  ^^  ^^  ^  muoh  smaller 
than, any  pollexirgrain,oyule  or  bu^,  we  can  see  what  a  vast 
number  of  gemmulee  one  of  these  bodies  might  contain. 

The  gemmules,  derived  from  each  part  or  organ  must  be 
thoroughly  dispersed  throughout  the  whole  system.  We  know, 
for  instance,,  that,  even  a  minute  fragment  of  a  leaf  of  a 
Begonia  will  reproduce  the  whole  plant;  and  that  if  a  fresh- 
water worm  is  chopped  into  small  pieces,  each  will  reproduce 
the  whole  animal.  Considering  also  the  minuteness  of  the 
gemmules  and.the^.permeability  of. all  organic  tissues,  the 
thorough  dispersion  .of  the  gemmules  is  not  surprising.  That 
matter  may  be  readily  transferred  without  the  aid  of  vessels 
from  part  to  part  of  the  body,  we  have  a  good  instance  in  a 
case  recorded  by  Sir  J.  Paget  of  a.  lady,  whose  hair  lost  its 
colour  at  each  successive  attack  of  neuralgia  and  recovered  it 
again  in  the  course  of  a  few  days.  '  With  plants j.  however, 
and  .  probably .  with  compound .  animals,  such  as  corals,  the 
gemmules  do  not  ordinarily  spread  from  bud  to  bud,  but  aie 
confined  to  the  parts  developed  from  each  separate  bad ;  and 
of  this  fact  no  explanation  can  be  given. 
.  ..The  assumed  elective  affinity  of  each  gemmule  for  that  par- 
ticular cell  which  precedes  it  in.  due  order  of  development  is 
supported  by  many  analogies.  .  In  all  ordinary  cases  of  sexual 
reproduction,  the  male,  and  female  elements  certainly  have  a 
mutual  aflinity  for  each  other :  thus,  it  is  believed  that  about 
ten  thousand  species  of  Clompositn  exist,  and  there  can  be  no  « 
doubt  that  if  the  pollen  of  all  these  species  could  be  simul- 
taneously or  successively  placed  on  the  stigma  of  any  one 
species,  this  one  would  elect  with  unerring  certainty  its  own 
pollen.  This  elective  capacity  is  all  the  more  wonderful, 
as  it  must  have  been  acquired  since  the  many  species 
of  this  great  group  of  plants  branched  off  from  a  common 
progenitor.  .  On  any  view  of  the  nature  of  sexual  repro- 
duction, the  formative  matter  of  each  part  contained  within 
the  ovules  and  the  male  element  act  on  each  other  by  some  law 
of  special  affinity,  so  that  corresponding  parts  affect  one 
another ;  thus,  a  calf  produced  from  a  f«hort-homed  cow  by  a 
long-homed  bull  has  its  horns  affected  by  the  union  of  the 
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two  fomiB,  and  the  ofG^ring  from  two.  birds  with  differeiitljr 
oolonied  tails  have  their  tails  affected. ,  , 

The  Tarious  tisanes  of  the  body  plainly  show,  as  many  phyr 
Biologists  have  insisted,^*  an  affinity  for  special  organic  sub- 
stances, whether  natural  or  foreign  to  the  body.  We  see  this 
in  the  cells  of  the  kidneys  attracting  ntea  from  the  blood ;  in 
curare  affecting  certain  nerves ;  LffUa  itetieaiaria  the*  kidneys ; 
and  the  poisonous  matter  of.  Tarious  diseases,  as  small-pox 
scarlet-fever,  hooping-<X)ugh,  glanders,  t  and  hydrophobia, 
affecting  certain  definite  parts  of  the  body.*  * ! .  \  -  >    >  -   » 

It  has  also  been  assumed  that  the  development  of  .each 
gemmule  depends  on  its  union  with  another  cell'  or  ^  unit 
which  has  just  commenced  its  development,  and  which,  pre-' 
cedes  it  in  due  order  of  growth^  :  That  the  formative  inatter 
within  the  pollen  of  plants,  xluch  by  our  hypothesis  consists  of 
gemmules,  can  unite. with  and  modify  the  partially  developed 
oells'of  the  mother'^plant,  we  have  clearly  seen  in  the  section 
devoted'  to  this  subject.  -As  the  tissues  of  plants  :are  formed,  af 
far  as  is  known,  oidy  by  the  proliferation  of  pre-existing  cells, 
we  -must  conclude  that  the  gemmules.  derived  .from  the 
foreign  pollen  do  not  become  developed  into  new  and  separate 
cells,  but  penetrate  and  modify  the  nascent  cells  of  the  mother- 
plant.  This  process:  may  be  compared  with  what  ta)ces  place 
in  the  act  of  ordinary  fertilisation,  during  which  Tthe  contenti 
of  the  pollen-tubes  penetrate  the  dosed  embryonic  sac 
within  the  ovule,  and  determine. the  development  of  the 
embryo. :  According  to  this  .view,,  the  cells  of  the  mother- 
plant  mayi  almost  literally  i  be  said  to  be  fertilised  by  the 
gemmules  derived  from  the  foreign  pollen.  In  this  case  and 
in  all  others  the  proper  gemmules  must  combine  in  due  order 
with  pre-existing  nascent  cells,  owing  to  their*  elective  affi- 
nities. A  slight  difference  in  nature  between  the  gemmules 
and  the  nascent  cells  would  be  far.frt>m  interfering  with 
their  mutual  union  and  development,  for  we  well  know  in 
the  case  of  ordinary  reproduction  that  such  slight  differentia- 

«•  Paget,  'Lectaret  on  Patholonr,'  Timxu  YiTants,'  pp.  177,  210,  837; 

p.   27  ;    Virchow,  *  Cellular  Paiho-  Mttller'a  <  PhTtiologj,'  Eng.  tranaUi., 

logj,'  translat.  bj  Dr.  Chance,  pp.  p.  290. 
123,  126,  294-  aaude  Bernard,  'Dee 
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tion  in  the  sexual  elements  favonrs  in  a  marked  manner  tbeir 
union  and  subsequent  development,  as  well  as  the  vigour  of 
the  offspring  thus  produced. 

Thus  far  we  have  been  able  by  the  aid  of  our  hypothesis 
to  throw  some  obscure  light  on  the  problems  which  have 
come  before  us ;  but  it  must  be  confessed  that  many  points 
remain  altogether  doubtfuL  Thus  it  is  useless  to  specu- 
late at  what  period  of  development  each  unit  of  the  body 
casts  off  its  gemmules,  as  the  whole  subject  of  the  develop- 
ment of  the  various  tissues  is  as  yet  far  from  clear.  We 
do  not  know  whether  the  gemmules  are  merely  collected  by 
some  imknown  means  at  certain  seasons  within  the  reproduc- 
tive organs,  or  whether  after  being  thus  collected  they  rapidly 
multiply  there,  as  the  flow  of  blood  to  these  organs  at  each 
breeding  season  seems  to  render  probable.  Nor  do  we  know 
why  the  gemmules  collect  to  form  buds  in  certain  definite 
places,  leading  to  the  symmetrical  growth  of  trees  and  corals. 
We  have  no  means  of  deciding  whether  the  ordinary  wear 
and  tear  of  the  tissues  is  made  good  by  means  of  gemmules, 
or  merely  by  the  proliferation  of  pre-existing  cells.  If 
the  gemmules  are  thus  consumed,  as  seems  probable  from 
the  intimate  connection  between  the  repair  of  waste,  re- 
growth,  and  development,  and  more  especially  from  the 
periodical  changes  which  many  male  animals  undergo  in 
colour  and  structure,  then  some  light  would  be  thrown  on 
the  phenomena  of  old  age,  with  its  lessened  power  of  re- 
production and  of  the  repair  of  injuries,  and  on  the  obscui^ 
subject  of  longevity.  I'he  fact  of  castrated  animals,  which 
do  not  cast  off  innumerable  gemmules  in  the  act  of  reproduc- 
tion, not  being  longer- lived  than  perfect  males,  seems  opposed 
to  the  belief  that  gemmules  are  consumed  in  the  ordinary 
repair  of  wasted  tissues ;  unless  indeed  the  gemmules  after 
being  collected  in  small  numbers  within  the  reproductive 
organs  are  there  largely  multiplied.*^ 

That  the  same  cells  or  units  may  live  for  a  long  period  and 

**  Prof.  Rat  Lankestor    hai   dii-  paratiT*  Longevitj  in  Man  and  the 

euaiad  Mveraf   of   the  poinU    hera  Lower  Animals,'  1870,  pp.  3J,  77; 

rafarred  to  as  baariLg  on  pangenesis,  &c. 
in  his   interesting  essaj,  'On  Com- 
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continue  multiplying  without  being  modified  by  their  union 
with  free  gemmules  of  any  kind,  ia  probable  from  suoh  oasea 
as  that  of  the  spur  of  a  cook  which  grew  to  an  enormous  size 
when  grafted  into  the  ear  of  an  ox.  How  far  units  are 
modified  during  their  normal  growth  by  absorbing  peculiar 
nutriment  from  the  surrounding  tissues,  independently  of 
their  union  with  gemmules  of  a  distinct  nature,  is  another 
doubtful  point*^  We  shall  appreciate  this  difficulty  by 
calling  to  mind  what  complex  yet  symmetrical  growths  the 
cells  of  plants  yield  when  inoculated  by  the  poison  of  a 
gall-insect.  Wi^  animals  various  polypoid  excrescences  and 
tumours  are  generally  admitted  *'  to  be  the  direct  product, 
through  proliferation,  of  normal  cells  which  have  become 
abnormal.  In  the  regular  growth  and  repair  of  bones,  the 
tissues  undergo,  as  Yirohow  remarks,*'  a  whole  series  of 
permutations  and  substitutions.  "  The'  cartilage  cells  may 
**  be  converted  by  a  direct  transformation  into  marrow-cells, 
**  and  continue  as  such ;  or  they  may  first  be  converted  into 
**  osseous  and  then  into  medullary  tissue ;  or  lastly,  they  may 
"  first  be  converted  into  marrow  and  then  into  bone.  So 
'*  variable  arc  the  permutations  of  those  tissues,  in  themselves 
**so  nearly  allied,  and  yet  in  their  external  appearance  so 
*' completely  distinct.'*  But. as  these  tissues  thus  change 
their  nature  at  any  age,  without  any  obvious  change  in  their 
nutrition,  we  must  suppose  in  accordance  with  our  hypothesis 
that  gemmules  derived  from  one  kind  of  tissue  combine 
with  the  cells  of  another  kind,  and  cause  the  successive 
modifications. 

We  have  good  reason  to  believe  that  several  gemmules  are 
requisite  for  the  development  of  one  and  the  same  unit  or 
cell;  for  we  cannot  otherwise  understand  the  insufficiency 
of  a  single  or  even  of  two  or  three  pollen-grains  or  sper- 
matozoa. But  we  are  far  from  knowing  whether  the  gemmules 
of  all  the  units  are  free  and  separate  from  one  another,  or 
whether  some  are  from  the  first  united  into  small  aggregates. 

*>  Dr.  Rom  refen  to  this  inbjcct  iraas.  bj  Dr.  Chanoe,  1S60,  pp.  60. 

inhli « Qraa  Theory  of  DisMia,' 1872,  162,  245,  441,  454. 
p.  58.  •* '  Ibid.,  pp.  413-428. 

"  Virchow,  *  Celltilv  Pathology,* 
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A  feather,  for  instanoe,  ib  a  oomplez  stractoie,  and,  as  each 
separate  part  is  liable  to  inlierited  VariationB,  I  conclude  that 
each  feather .  genei-atea  a  .large  number  of  gemmules;  but  it 
18  possible  vthat  these ymay  be.  aggregated,  into  a  compound 
gemmule.  The  same  remark  applies,  to  the  petals  of  flowers, 
which,  are  sometimes  highly  •  complex  stmotores,  with  each 
ridge  and  hollow,  contrived,  for  j  a .  special  ipurpose,  so  -that 
each  part  must  have  ibeen  separately/modified,  and  the 
modifications  transmitted;; consequently,  separate  gemmules, 
according  to'  our  hypothebis,  must,  have  been  thrown  off  from 
each  cell  or  unit.  .  But,  as  we  sometimes  see ;  half  an  atither 
or  a  small:  portion  of  a  filament  becoming  petali-form,  or  parts 
or  mere  stripes  of  the  calyx  assuming,  the  colour  and  texture 
of  the  corolla,  it  is  probable  that  with  petals  the  gemmules 
of  each  cell  are  not  aggregated,  together  into  a  compound 
gemmule,  but  are  free  and  separate.  Even  in. so  simple  a 
case  as  that  of  a  perfect  cell,  with  its  protoplasmic  contents, 
nucleus,  nucleolus,,and  walls,:we:do  not  know  whether  or 
not  its  deyelopment  depends  on  a  compound  gemmule  derived 
from  each  pari.^^  r        .    .• 

•  -  .  •  '-•.»  I  .  i  •.'  «.  '  •.  . .  •  ,'  1  ,  ■ . 
Having  now  r  endeavoured  to  show  that  the  several  fore- 
going assuifiptions  are  to  a  certain  extent  supported  by  analo- 
gous facts,  and  having  alluded  to  some  of  the  most  doubtful 
points,  we  will  consider  how  far  the  hypothesis  brings  under 
a  single  point  of  view  the  various  cases  enumerated  in  the 
First  Fart. .  All  the.  forms  of  reproduction  graduate  into  one 
another  and  agree  in  their  product;  for  it  is  impossible  to 
disting^sh  between  organisms  produced  from  buds,  from  self- 
division,  or  from  fertilised  germs ;  such  organisms  are  liable  to 
variations  of  the  same  nature  and  to  reversions  of  the  same 
kind ;  and  as,  according  to  our  hypothesis,  all  the  forms  of  re- 
production depend  on. the  aggregation  of  gemmules  derived' 
from  the'  whole  body,  we  can  understand  this  remarkable 
agreement.  .  Farthenogenesis  is  no  longer  wonderful,  and  if 
we  did  not  know  that  great  good  followed  from  the  union  of 
the  sexual  elements  derived  from  two  distinct  individuals^  the 

^  See  eome  {"ood  eritieitini  on  this      Lewee  in  the  'FortnighUy  Reriew,' 
heed  bj  Delpino,  and  by  Mr.  0.  H.      Kor.  1,  1868,  p.  509. 
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wonder  would  Le  that  partlienogeneBiB  did  not  occur  much 
of  tenor  than  it  does.  On  any  ordinary  theory  of  reproduction 
the  formation  of  graft-hybrids,  and  the  action  of  the  male 
dement  on -the  tissues  of  the  mother-plant,  as  well  as  on  the 
future  progeny  of  female  animals,  are  great  anomalies;  but 
thoy  are  inteUigible  on  our  hypothesis.  The  reproductive 
organs  do  not  actually  create  the  sexual  elements ;  they 
merely  determine*  the- aggregation  and  perhaps  the  multipli- 
cation of  the  gemmules  in  a  special  manner.  These  organs, 
however,  together  with  their  accessory  parts,  have  high 
functions  to  perform^  They  adapt  one  or  both  elements  for 
independent  temporary  existence,  and  for  mutual  union.  The 
stigmatio  secretion  acts  on  the  pollen  of  a  plant  of  the  same 
species  in  a  wholly  difTerent  manner  to  what  it  does  on 
the  pollen  of  one  belonging  ■  to  a  distinct  genus  or  family. 
The  spermatophores  of 'the  Cephalopoda  are  wonderfully 
complex  structures,  which  were  formerly  mistaken  for  para- 
sitic worms ;  and  the  spermatozoa  of  some  animals  possess 
attributes' which,  if  observed  in  an  independent  animal,  would 
be  put  -down  to  instinct  g^ded  by  sense-organs, — as  when 
the  spermatozoa  of  an  insect  find  their  way  into  the  minute 
micropyle  of  the  egg, . 

The  antagonism  which  has  long  been  observed,^^.  with 
certain  exceptions,  between  growth  and  the  power  of  sexual 
reproduction  ^* — ^between  the  repair  of  ii\juries  and  gemma- 
tion-r-and  with  plants,  between  rapid  increase^  by  buds, 
rhizomes,  4&c.,  and  the  production  of  seed,  is  partly  explained 
by  the  gemmules  not  existing  in  sufficient  numbers  for  these 
processes  to  be  carried  on  simultaneously. 

of  A  meduM,  with  iti  reprodaotir« 
or^nt  aotiTt,  which  producM  bj 
budding  a  widelj  different  form  of 
maduM ;  and  this  lattor  alio  has  tbo 
power  of  Mxnal  reprodacUon.  Krohn 
has  ehown  ('Annals  and  Mag.  of 
Nat  Hilt.,'  8rd  series,  rol.  xiz.,  1862, 
,p.  6)  that  certain  other  mednsie, 
whilst  sezuallj  mature,  propagate 
br  gemmc.  8m,  also,  KolUk«r| 
'Morphologie  and  KDiwickelungsge* 
sehichte  des  PennatuUdeostammas,' 
1872,  p.  12. 


••Mr.  Herbert  Sneiioer' (' Princi- 
ples of  Biologj/  Tol.  ii.  p.  430}  has 
fullj  diicussed  this  antagonism. 

**  The  male  salmon  is  known  to 
breed  at  a  rerj  early  age.  The 
Triton  and  Siredon,  whilst  retaining 
their  larral  branchia,  aoeording  to 
Filippi  and  Dum^ril  ('Annals  and 
Mag.  of  Nat.  Hist.,'  8rd  series,  1866, 
p.  157),  are  capable  of  reproduction. 
Ernst  Haedcel  has  recently  ('  Monats- 
bericht  Akad.  Wise.  Berlin,'  Feb^nd, 
1865)  obearrad  the  snrprising  case 
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Hardly  any  fact  in  physiology  is  more  wonderful  than  the 
power  of  re-gprowth  i-  for  instance,  that  a  snail  should  be  able 
to  reproduce  its  head,  or  a  salamander  its  eyes,  tail,  and  legs, 
exactly  at  the  points  where  tbey  have  been  cut  off.  Such 
cases  are  explained  by  the  presence  of  gemmules  derived  from 
each  part,  and  disseminated  throughout  the  body.  I  have 
heard  the  process  compared  with  that  of  the  repair  of  the 
broken  angles  of  a  crystal  by  re-crystallisation ;  and  the  two 
processes  have  this  much  in  common,  that  in  the  one  case 
the  polarity  of  the  molecules  is  the  efficient  cause,  and  in  the 
other  the  affinity  of  the  gemmules  for  particular  nascent  cells. 
But  we  have  here  to  encounter  two  objections  which  apply 
not  only  to  the  re-growth  of  a  part,  or  of  a  bisected  individual, 
but  to  fissiparous  generation  and  budding.  Th9  first  objection 
is  that  the  part  which  is  reproduced  is  in  the  same  stage  of 
development  as  that  of  the  being  which  has  been  operated  on 
or  bisected;  and  in  the  case  of  buds,  that  tlie  new  beings  thus 
produced  are  in  the  same  stage  as  that  of  the  budding  parent, 
llius  a  mature  salamander,  of  which  the  tail  has  been  cut 
off,  does  not  reproduce  a  larval  tail ;  and  a  crab  does  not 
reproduce  a  larval  leg.  In  the  case  of  budding  it  was 
shown  in  the  first  part  of  this  chapter  that  the  new  being 
thus  produced  does  not  retrograde  in  development,— that 
is,  does  not  pass  through  those  earlier  stages,  which  the 
fertilised  germ  has  to  pass  through.  Nevertheless,  the  organ- 
isms operated  on  or  multiplying  themselves  by  buds  must, 
by  our  hypothesis,  include  innumerable  gemmules  derived 
fk>m  every  part  or  unit  of  the  earlier  stages  of  development ; 
and  why  do  not  such  g^emmules  reproduce  the  amputated 
part  or  the  whole  body  at  a  corresponding  early  stage  of 
development? 

The  second  objection,  which  has  been  insisted  on  by  Delpino, 
is  that  the  tissues,  for  instance,  of  a  mature  salamander  or  crab, 
of  which  a  limb  has  been  removed,  are  already  differentiated 
and  have  passed  through  their  whole  course  of  development ; 
and  how  can  such  tissues  in  accordance  with  our  hypothesis 
attract  and  combine  with  the  gemmules  of  the  part  which  is 
to  be  reproduced  ?  In  answer  to  these  two  objections  we  must 
bear  in  mind  the  evidence  which  has  been  advanced,  showing 
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that  at  least  in  a  large  number  of  oases  the  power  of  re-growth 
is  a  looalised  faculty,  acquired  for  the  sake  of  repairing  special 
injuries  to  which  each  particular  creature  is  liable;  and  in 
the  case  of  buds  or  fissiparous  generation,  for  the  sake  of 
quickly  multiplying  the  organism  at  a  period  of  life  when  it 
can  be  supported  in  large  numbers.  These  considerations 
lead  us  to  believe  that  in  all  such  cases  a  stook  of  nascent  cells 
or  of  partially  developed  gemmules  are  retained  for  this 
special  purpose  either  locally  or  throughout  the  body,  ready 
to  combine  with  the  gemmides  derived  from  the  cells  which 
come  next  in  due  succession.  If  this  be  admitted  we  have  a 
sufficient  answer  to  the  above  two  objections.  Anyhow,  pan- 
genesis seems  to  throw  a  considerable  amount  of  light  on  the 
wonderful  power  of  re-growth. 

It  follows,  also,  from  the  view  just  given,  that  the  sexual 
elements  di£fer  from  buds  in  not  including  nascent  cells  or 
gemmules  in  a  somewhat  advanced  stage  of  development,  so 
that  only  the  gemmules  belonging  to  the  earliest  stages  are 
first  developed.  As  yoimg  animals  and  those  which  stand 
low  in  the  scale  generally  have  a  much  greater  capacity  for 
re-growth  than  older  and  higher  animals,  it  would  also  appear 
that  they  retain  cells  in  a  nascent  state,  or  partially  dev^oped 
gemmules,  more  readily  than  do  animals  which  have  already 
passed  through  a  long  series  of  developmental  changes.  1 
may  here  add  that  although  ovules  can  be  detected  in  most 
or  all  female  animals  at  an  extremely  early  age,  there  is  no 
reason  to  doubt  that  gemmules  derived  from  parts  modified 
during  maturity  can  pass  into  the  ovules. 

With  respect  to  hybridism,  pangenesis  agrees  well  with 
most  of  the  ascertained  facts.  We  must  believe,  as  pre- 
viously shown,  that  several  gemmules  are  requisite  for 
the  development  of  each  cell  or  unit.  But  from  the  occur- 
rence of  parthenogenesis,  more  especially  from  those  cases 
in  which  an  embryo  is  only  partially  formed,  we  may  infer 
that  the  female  element  generally  includes  gemmules  in  nearly 
sufficient  number  for  independent  development,  so  that  when 
united  with  the  male  element  the  gemmules  are  superabun- 
dant. Now,  when  two  species  or  races  are  crossed  reciprocally, 
the  offspring  do  not  commonly  differ,  and  this  shows  that  the 
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sexual  elements  agpree  in  power,-  in  aoQordance  with  the  view 

that  both  include  the  same  gemmnles.  Hybrids  and  mongrels. 

are:  also  generally  intermediate  in  character  between  the  two 

parent-forms*  yet   occasionally  .they   closely  resemble  one 

parent:  in  one  part  and  the  other  parent  in  another  part,  or 

even  in  their  whole  structure  :•  nor  is  this  difficult  to.  under» 

stand  on  the  admission  that  the  genimules  in  thC' fertilised 

germ  are  superabundant  in  number,  and  that  those  derived 

from  one  parent  >  may  have^  >  some  •  advantage  *  in  number, 

affinity,  or  vigour  over  those  derived  from  the  other  parent. 

Crossed  forms  sometimes  exhibit  the  colour  or  other  characters 

of  either :x>arent  in  stripes  or  blotches;  and  this  occurs  in 

the  &:Bt  generation,  or  through  reversion  in  succeeding  bud  p 

and  seminal  generations,  of  which  fact  several  instances  were 

given  in  the  eleventh  chapter.     In  these  cases  we  must 

foUoV  Naudin,'^  and  admit  that  the  ^'  essence*'  or  '*  element " 

of  the  two  species, — termd  which  I  dioiild  translate  into  the 

gemmules, — have  an  affinity  for  their  own  kind,  and  thuli 

separate  themselves  into  distinct  stripes  or 'blotches;  and 

reasons  were  given,  when  discussing  in  the  fifteenth  chapter 

the  incompatibility  of  certain  characters  to  unite,  for  believing 

in  such- mutual  affinity.--  When>two  forms^are  crossed,. one 

is  not  rarely'  found  to  be  prepotent  in:  the  transmission  of 

its  characters  over  tHe'otiier;^  and 'this  we  can' explain  by 

again  assuming  that  the  one  form  has  some  advantage  over 

the  other  in  the  number,  vigour,  or  affinity  of  its  gemmules. 

In  some  cases,  however,  certain' characters  are  present  in  the 

one  form  and  latent  in  the  other;  for  instance,  there  is  a 

latent  tendency  in  all  pigeons  to  become  blue,  and,  when  a 

blue  pigeon  is  crossed  with  one  of  >  any  other  colour,  the  blue 

tint  is  generally  prepotent.    The  explanation  of  this  form  of 

pl^potency  will  be  obvious  when  we  come  to  the  considera- 

ticii  of  Beversion.  ' 

.  When  two  distinct  species  are  crossed,  it  is  notorious  that 

they  do  not  yield  the  full  or  proper  number  of  o£Gspring ; 

and  we  can  only  say  on"  this  head  that,  as  the  development 

of  each  organism  depends  on-  such  nicely-balanoed  affinities 

.'^  &•  hif  excelleni  ^iiieuBfioii  on  ihlt  subject  in  *  NoaTellan  Arohivat  dt 
Mu^am,' torn,  i.  p.  15i. 
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between  a  host  of  gemmules.  and  naaoent  ceUs,  we  need  not 
feel  at  all  surpruied  that  the  oommixture  of  gemmnles  derived 
from  two  difltinot  species  should  lead  to  partial  or  complete 
failure  of .  development.  With  respect  to  the  sterility  of 
hybrids  produced  from  the  union  of  two  distinct  species,  it 
was  shown  in. the  nineteenth  chapter* that,  this  depends  ex- 
clusively on  the  reproductive  organs  being  specially  affected; 
but  why ,  these  organs  should  be  thus  affected  we  do  not 
know,  any  more  than  why  unnatural  conditions  of  life, 
though  compatible  with  health,  should.. cause  sterility;  or 
why  continued  close  interbreeding,  or  the  illegitimate  unions 
of  heterostyled  plants,  induce  the  same  result.  ^  The  con- 
clusion that  the-  reproductive  organs  alone  are  affected,  and 
not  the  whole  organisation,  agrees  perfectly  with  the  un- 
impaired or  even  increased  capacity  in  hybrid-  plants  for 
propagation  by  buds;  for  .this  implies,  according .  to  our 
hypothesis,  that  the  odlls  of  the  hybrids  throw  off  hybridised 
gremmules,  which  become  aggregated  into  buds,  "but -fail  .to 
become  aggregated  within  the  reproductive. organs,  so  as 
to  form  the  sexual  elements.  In.  a  similar  manner  many 
plants,  when  placed  under  unnatural  conditions,  fail  to 
produce  seed,  but  can  readily  be.  propagated  by  buds.  We 
shall. presently  see  that,  pangenesis  agrees. well:  with,  the 
strong  tendency  to  reversion  exhibited  by  aU  crossed  animals 
and  plants.  ^  .<  %  .>^  •  •    >  . 

Each  organism  reaches  maturity  through  a  longer  or 
shorter  course  of  growth  and  development :  the  former  term 
being  confined  to  mere .  increase  of  size,  and  development 
to  changed  structure.  The  changes  may  be  small  and 
insensibly  slow,  as  when  a  child  grows  into  a  man,  or  many, 
abrupt,  and  slight,  as  in... the  metamorphoses  of  certain 
ephemerous  in9ects,  or,  again,  few  and  strongly-marked,  as 
with  most  other  insects.  .  Each  newly  formed  part  may  be 
moulded  within  a  previously,  existing  and  corresponding 
part,  and  in  this  case  it  will  appear,  falsely  as  1  believe,  to 
be  developed  from  the  old  part ;  or.it  may  be  formed  within 
a  distinct  part  of  the  body,  as  in  the  extreme  cases  of 
metagenesis.  An  eye,  for  instance,  may  be  developed  at  a 
spot  where  no  eye  previously  existed.    We  have  also  seen 


384  PBO VISIONAL  HYPOTHESIS  Obap.  XXVIL 

that  allied  organic  beings  in  tlie  course  of  their  metamorphoses 
sometimes  attain  nearly  the  same  structure  after  passing 
through  widely  different  forms ;  or  oonyersely,  after  paaung 
through  nearly  the  same  early  forms,  arrive  at  widely  diJfferent 
mature  forms.  In  these  oases  it  is  Tery  difficult  to  accept 
the  common  view  that  the  $rst-formed  cells  or  units  possess 
the  inherent  power,  independently  of  any  external  agency,  of 
producing  new  structures  wholly  different  in  form,  position, 
and  function.  But  all  these  cases  become  plain  on  the 
hypothesis  of  pangenesis.-  The  units,  during  each  stage  of 
development,  throw  off  gemmules,  which,  multiplying,  are 
transmitted  to  the  offspring.  In  the  oflbpnng,  as  soon  as 
any  particular  cell  or  unit  becomes  partially  developed,  it 
unites  with  (or,  to  speak  metaphorically,  is  fertilised  by)  the 
gemmule  of  the  next  succeeding  cell,  and  so  onwards.  But 
organisms  have  often  been  subjected  to  changed  conditions 
of  life  at  a  certain  stage  of  their  development,  and  in 
consequence  have  been  slightly  modified ;  and  the  gemmules 
cast  off  from  such  modified  parts  will  tend  to  reproduce  parts 
modified  in  the  same  manner.  This  process  may  be  repeated 
until  the  structure  of  the  part  becomes  greiatly  changed  at 
one  particular  stage  of  development,  but  this  will  not  ne- 
cessarily affect  other  parts,  whether  previously  or  subsequently 
formed.  In  this  manner  we  can  understand  the  remarkable 
independence,  of  structure  in  the  successive  metamorphoses, 
and  especially  in  the  successive  metageneses  of  many  animals. 
In  the  case,  however,  of  diseases  which  supervene  during  old 
age,  subsequently  to  the  ordinary  period  of  procreation,  and 
which,  nevertheless,  are  sometimes  inherited,  as  occurs  with 
brain  and  heart  complaints,  we  must  suppose  that  the  organs 
were  affected  at  an  early  age  and  threw  off  at  this  period 
affected  gemmules ;  but  that  the  affection  became  visible  or 
injurious  only  after  the  prolonged  growth,  in  the  strict  sense 
of  the  word,  of  the  part  In  all  the  changes  of  structure 
which  regularly  supervene  during  old  age,  we  probably  see 
the  effects  of  deteriorated  growth,  and  not  of  true  develop- 
ment. 

llie  principle  of  the  independent  formation  of  each  part, 
owing  to  the  union  of  the  proper  gemmules  with  certain 
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nascent  oells,  together  with  the  superabundance  of  the  gem* 
mules  derived  from  both  parents,  and  the  subsequent  self- 
multiplication  of  the  gemmules,  throws  light  on  a  widely 
dififerent  group  of  facts,  which  on  any  ordinary  view  of 
development  appears  very  strange.  I  allude  to  organs  which 
are  abnormally  transposed  or  multiplied.  For  instance,  a 
curious  case  has  been  recorded  by  Dr.  Elliott  C!oues  ^  of  a 
monstrous  chicken  with  a  perfect  additional  righi  leg  articu- 
lated to  the  left  side  of  the  pelvis.  Gold-fish  often  have 
supernumerary  fins  placed  on  various  parts  of  their  bodies. 
When  the  tail  of  a  lizard  is  broken  off^  a  double  tail  is  some- 
times reproduced ;  and  when  the  foot  of  the .  salamander 
was  divided  longitudinally  by  Bonnet,  additional  digits 
were  occasionally  formed.  Yalentin  injured  the  caudal 
extremity  of  an  embryo,  and  three  days  afterwards  it 
produced  rudiments  of  a  double  pelvis  and  of  double  hind- 
limbs.**  AYhen  frogs,  toads,  Sbo.,  are  bom  with  their  limbs 
doubled,  as  sometimes  happens,  the  doubling,  as  Qervais 
remarks,**  cannot  be  due  to  the  complete  fusion  of  two 
embryos,  with  the  exception  of  the  limbs,  for  the  larvsd  are 
limbless.  The  same  argument  is  applicable*^  to  certain 
insects  produced  with  multiple  legs  or  antennie,  for  these  are 
metamorphosed  from  apodal  or  antennaa-less  larvas.  Alphonse 
Milne-Edwards  *'  has  desmbed  the  curious  case  of  a  crusta- 
cean in  which  one  eye-peduncle  supported,  instead  of  a  com- 
plete eye,  only  an  imperfect  cornea,  and  out  of  the  centre  of 
this  a  portion  of  an  antenna  was  developed.  A  case  has  been 
recorded  *^  of  a  man  who  had  duHng  both  dentitions  a  double 
tooth  in  place  of  the  left  second  incisor,  and  he  inherited  this 
peculiarity  from  his  paternal  grandfather.  Several  cases  are 
known  *^  of  additional  teeth  having  been  developed  in  the 
orbit  of  the  eye,  and,  more  especially  with  horses,  in  the  palate. 

••  <  Proc  Boston  Soo.  of  Nat.  Hist./  de  Nomine,'  &c,,  1862,  p.  129. 

republished   in   'Scientific    Opinion,'  ■*  GUnther'e  < Zoological    Record, 

Not.  10,  1869,  p.  488.  1864,  p.  279. 

^  Todd's  <  Cyclop,    of  Anat.  and  *'  Sedgwick,  in  *  Medico-Chirurg. 

Ph^,'  Tol.  It.,  1849-52,  p.  975.  Rerieur,'  April,  186S,  p.  454. 

•*  'CoinpteRendus,' Nov.  14,1865,  •Msid.      Geoflfroj     Saint-Hilaire, 

p.  800.  *  Hisi.  des  Anomalies,'  torn.  L,  1832, 

**  As    preTioosly    remarked     bj  pp.  435,  657 ;  and  torn.  ii.  p.  560. 
Quatrefiiges,  in   his  *  Metamorphoses 
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Hain  oocadonallj  app^r.in  strangQ  Bitnations,  aa  "  witliin 
the  substance  of  the  brain."  ^^  Certain  breeds  of  sheep  bear 
a  whole  orowd .  of.  horns  on  their,  foreheads.  As  niany  as  five 
spurs  have  .been  s^n  on. both  legs  of  certain  Game-fowls.  In 
the'  Polish  fowl  the  male  is.  ornamented,  with  a  topknot  of 
haoldes  like  those,  on  his  neck,, whilst  the  female  has  a  top* 
knot  formed  of  common  feathers. .  In  feather-footed  pigeons 
and. fowls, « feathers. like  those  on. the  wing  arise  from  the 
outer  side. of  the  legs  and  toes..  Even  the  elemental  parts  of 
the  same,  feather  may  be  transposed ;  for  in  the  Sebastopol 
goose,  barbules  are  developed  on  the  divided  filaments  of  the 
shaft.  Imperfect  nails  sometimes,  appear  on  the  stumps  of 
the  amputated  fingers  of  man ;  **  and  it  is  an  interesting  fact 
that  with  the  snake-like  Saurians,  which  present  a  series 
with  more  and  more  imperfect  limbs,  the  terminations  of  the 
phalanges  first  disappear,  *'  the  nails  becoming  transferred  to 
''  their  proximal  remnants,  or  even  to  parts  which  are  not 
"  phalfoiges."  •'  '         . 

Analogous  cases  are  of  such  frequent  occurrence  with  plants 
that  they  do  not  strike  us  with  sufficient  surprise.  Super- 
numerary petals,  stamens,  and  pistils,  are  often  produced.  I 
have  seen  a  leaflet  low  down  in  the  compound  leaf  of  Yicia 
$ativa  replaced  by  a  tendril;  and. a  tendril  possesses  many 
peculiar  properties,  such  as  spontaneous  movement  and  irrita- 
bility. The  calyx  sometimes  assumes,  either  wholly -or  by 
stripes,  the  colour,  and  texture  of  the  corolla.  Stamens  are  so 
frequently  converted  into  petals,  more  or  less  completely,  that 
such  cases  are  .passed  over  as  not  deserving  notice ;  but  as 
petals  have  special  functions  to  perform,  namely,  to  protect 
the  included  organs,  to  attract  insects,  and  in  not  a  few  cases 
.  to  guide  their  entrance  by  wellradapted  contrivances,  we  can 
hardly  account  for  the  conversion  of  stamens  into  petals  merely 
by  unnatural  or  superfluous  nourishment.  Again,  the  edge  of 
a  petal  may  occasionally  be  found  including  one  of  the 
highest  products  of  the  plant,  namely,  pollen;. for  instance, 

••  Virchow,  *CelluUr  Pathology,'  tome. 
I860,  p.  66.  *'  Dr.  Fttrbringer,  'Die  Knochen 

**  *Mttller'ePh7B.,'Eiig.  TransUt.,  etc    bei      den    •chlangen&hDlichen 

Tol.  i.,  1833,  p.  407.    A  OMe  of  thii  Saurieni,'  u  reiiewed  in  '  JoarnjU  of 

kind  hai  Utelj  been  communicated  Anat  and  Pkys.,*  May,  1870,  p.  286. 
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I  liaye  seen  the  pollen-mass  of  an-^Ophiys,  which  is  a  very 
complex  straotme,  developed  in  the  edge  of  an  upper 
petaL/  The  segments  of  r  the.  calyx  of  i  the  common  pea  have 
been '  observed  partially  converted:  into  -  carpels,  including 
ovules,  and  with  their  tips  oonverted(finto:  stigmas^  Mr. 
Baiter  and  Dr.  Maxwell  Masters  have  found  pollen,  within 
the  ovules  of  the  passion-flower  and  ^  of  the  rose.  *  Buds  may 
be -developed  in  the  most  unnatural  positions,  as  on  the  petal 
of  a  flower.    Numerous  analogoui^  f&ota  could  be  given^**  r 

I  do  not  know  how  physiologiBts  look  at  such  facts  as  the 
foregoing.  According  to  the  doctrine  of  pangenesis,  the 
gemmules  of  the  transposed  org^ans.  become  developed  in -the 
wrong  place,  from  uniting  with  wrong  cells  or  aggregates  of 
cells  during  their  nascent  state ;  and  this  would  follow  from 
a  slight  modification  in  their  elective  afifinities.'  Nor  i  ought 
we  to  feel  much  surprise  at  the  affinities  of  cells  and  gem- 
mules  'varying,  when  we  remember  the  many  curious  cases 
given  in  the  seventeenth  chapter,  of  plants  which  absolutely 
refuse  to  be  fertilised  by  their  own  pollen,  though  abunr 
dantly  fertile  .with  that  of  any  other  individual-  of  the 
same  species,  and  in  some  cases  only  withthat  of  a  distinct 
species.  It  is  manifest  that  the  sexual  elective  affinities 
of  such  plants— to  use  the  term  employed  by  Oartner-^have 
been  modifled.  As  the  ceUs  of  adjoining' or  homologous 
parts  will  have  nearly  the  same  nature,  they  will  be  particu- 
larly liable  to  acquire-  by  variation .  each  other's  elective 
affinities;  and  we  can  thus  understand  to. a  certain  extent 
such  cases  as  a  crowd  of  horns  on  the  heads  of  certain  sheep, 
of  several  spurs  on  the  legs  of  fowls,  hackle-like  feathers  on  the 
heads  of  the  males  of  other  fowls,  and  with  the  pigeon  wing- 
like feathers  on  their  legs  and  membrane  between  their  toes^ 
for  the  leg  is  the  homologue  of  the  wing.  As  all  the  organs 
of  plants  are  homologous  and  spring  from  a  common  axis,  it 
is  natural  that  they  should  be  eminently  liableto'  transposi- 
tion.   It  ought  to  be  observed  that  when  any  compound  part, 

■  **  Moqniii-Taiuloii,  *Ttfratologio  Mastan  in'  'Science  Reriew,'  Oct. 
V^g.,*  1841,  pp.  218, 220,  853.  For  >  1878,  p4  869.  The  Rer.  J.  H. 
the  case  of  the  pea,  aM  *Gardener'a,  Berlceley  describee  a  bnd  deTeIoi>ed 
Chron.,'  1866,  p.  897.  With  respect  on  a  petal  of  a  Clarkia,  in  *Gard 
to    pollen    within    omles,    tiM    Dr.      Chronicle,'  April  28,'  1866.  • 
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Buch  as  an  additional  limb  or  an  antenna,  springs  from  a  false 
potiition,  it  is  only  neoeesary  that  the  few  first  gemmnles 
should  be  wrongly  attached;  for  these  whilst  developing 
would  attract  other  gemmnles  in  due  suooession,  as  in  the 
re-growth  of  an  amputated  limb.  When  parts  whioh  are 
homologous  and  similar  in  structure,  as  the  vertebna  of 
snakes  or  the  stamens  of  polyandrous  flowers,  d^a,  are  re- 
peated many  times  in  the  same  organism,  closely  allied 
gemmnles  must  be  extremely  numerous,  as  well  as  the  points 
to  which  they  ought  to  become  united ;  and,  in  accordance 
with  the  foregoing  views,  we  can  to  a  certain  extent  under- 
stand Isid.  Oeoffiroy  Saint-Hilaire's  law,  that  parts,  which  are 
already  multiple,  are  extremely  liable  to  vary  in  number. 

Yariability  often  depends,  as  I  have  attempted  to  show, 
on  the  reproductive  organs  being  injuriously  affected  by 
changed  conditions ;  and  in  this  case  the  gemmnles  derived 
from  the  various  parts  of  the  body  are  probably  aggregated 
in  an  irregular  manner,  some  superfluous  and  others  deficient. 
Whether  a  superabundance  of  gemmnles  would  lead  to  the 
increased  size  of  any  part  cannot  be  told ;  but  we  can  see 
that  their  partial  deficiency,  without  necessarily  leading  to 
the  entire  abortion  of  the  part,  might  cause  considerable 
modifications ;  for  in  the  same  manner  as  plants,  if  their  own 
pollen  be  excduded,  are  easily  hybridised,  so,  in  the  case  of 
cells,  if  the  properly  succeeding  gemmnles  were  absent, 
they  would  probably  combine  easily  with  other  and  allied 
gemmnles,  as  we  have  just  seen  with  transposed  parts. 

In  variations  caused  by  the  direct  action  of  changed  con- 
ditions, of  which  several  instances  have  been  given,  certain 
parts  of  the  body  are  directly  affected  by  the  new  conditions, 
and  consequently  throw  off  modified  gemmnles,  which  are 
transmitted  to  ^e  offspring.  On  any  ordinary  view  it  is 
unintelligible  how  changed  conditions,  whether  acting  on  the 
embryo,  the  young  or  the  adult,  can  cause  inherited  modifica- 
tions. It  is  equally  or  even  more  unintelligible  on  any 
ordinary  view,  how  the  effects  of  the  long-continued  use  or 
disuse  of  a  part,  or  of  changed  habits  of  body  or  mind,  can  be 
inherited*     A  more  perplexing  problem  can  hardly  be  pro- 


Ohap.XXYIL  of  PAiraXNXBIB.  889 

posed ;  but  on  our  view  we  liave  only  to  suppose  that  oertain 
oells  become  at  last  stmotnrally  modified;  and  that  these 
throw  off  similarly  modified  gemmnles.  This  may  occur 
at  any  period  of  development,  and  the  modification  will  be 
inheriteii  at  a  corresponding  period ;  for  the  modified  gem- 
mules  will  unite  in  all  ordinary  cases  with  the  proper  pre- 
ceding oells,  and  will  consequently  be  developed  at  the 
same  period  at  which  the  modification  first  arose.  With 
respect  to  mental  habits  or  instincts,  we  are  so  profoundly 
ignorant  of  the  relation  between  the  brain  and  the  power  of 
thought  that  we  do  not  know  positively  whether  a  fixed  habit 
induces  any  change  in  the  nervous  system,  though  this  seems 
highly  probable ;  but  when  such  habit  or  other  mental  at- 
tribute, or  insanity,  is  inherited,  we  must  believe  that  some 
actual  modification  Ib  transmitted  ;**  and  this  implies,  accord- 
ing to  our  hypothesis,  that  gemmules  derived  from  modified 
nerve-cells  are  transmitted  to  the  offspring. 

It  is  generally  necessary  that  an  organism  should  be  ex- 
posed during  several  generations  to  changed  conditions  or 
habits,  in  order  that  any  modification  thus  acquired  should 
appear  in  the  offspring.  This  may  be  partly  due  to  the 
changes  not  being  at  first  marked  enough  to  catch  attention/ 
but  this  explanation  is  insu£Qcient ;  and  I  can  account  for  the 
fact  only  by  the  assumption,  which  we  shall  see  under  the 
head  of  reversion  is  strongly  supported,  that  gemmules  derived 
from,  each  unmodified  unit  or  part  are  transmitted  in  large 
numbers  to  successive  generations,  and  that  the  gemmules 
derived  from  the  same  unit  after  it  has  been  modified  go  on 
multiplying  under  the  same  favourable  conditions  which  first 
caused  the  modification,  until  at  last  they  become  sufficiently 
numerous  to  overpower  and  supplant  the  old  gemmules. 

A  difficulty  may  be  here  noticed ;  we  have  seen  that  there 
is  an  important  difference  in  the  frequency,  though  not  in 
the  nature,  of  the  variations  in  plants  propagated  by  sexual 
and  asexual  generation.  As  far  as  variability  depends  on 
the  imperfect  action  of  the  reproductive  organs  under  changed 
conditions,  we  can  at  once  see  why  plants  propckgated  asexually 

<*  See  some  remarki  to  thii  effect  hj  Sir  H.  Holland  in  hU  'Medioal 
Kotee/  1839,  p.  82. 
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shonld  be  far  lean  variable  ^thanthoae.  propagated  sexually. 
With  respect  to  the  direct  action  of  changed  conditions,  we 
know  that  organisms  produced  from  buds  do  not  pass  through 
the  .earlier  phases  of  development ;  they  will  therefore  not 
be  exposed,  at  that  period  of  life  when  structure  is  most 
readily  modified,  to  jtiie  various  causes  inducing  variability 
in  the  same  manner  as  are  embryos  and  young  larval  forms ; 
but  whether  this  is  a  sufficient  explanation  I  know  not. 

With  respect  to  variations  due  to  reversion,  there  is  a 
similar  difference  between  plants  propagated  from  buds  and 
seeds.  Many  varieties  can  be  propagated  securely  by  buds, 
but  generally  or  invariably  revert  to  their  parent-forms  by 
seed.  So,  also,  hybridised  plants  can  be  multiplied  to  any 
extent  by  buds,  but  are  continually  liable  to  reversion  by 
seed, — that  is,  to  the  loss  of  their  hybrid  or  intermediate  cha- 
racter. I  can  offer  no  satisfactory  explanation  of  these  facts. 
Plants  with  variegated  leaves,  phloxes  with  striped  flowers, 
barberries  with  seedless  fruit,  can  all  be  securely  propagated 
by  buds  taken  from  the  stem  or  branches ;  but  buds  from  the 
roots  of  these  plants  almost  invariably  lose  their  character 
and  revert  to  their  former  condition.  This  latter  fact  is  also 
inexplicable,  unless  buds  developed  from  the  roots  are  as 
distinct  from  those. on  the  stem,  as  is  one  bud  on  the  stem 
from  another,  and  we  know,  that  these,  latter  behave  like 
independent  organisms. 

.  Finally,  we  see  that  on  the  hypothesis  of  pangenesis  varia- 
bility depends  on  at  least  two  distinct  groups  of  causes. 
Firstly,  the  deficiency,  superabundance,  and  transposition  of 
gemmiQes,  and  the  redevelopment  of  those  which  have  long 
been  dormant ;  the  gemmules  themselves  not  having  under- 
gone any  modification ;  and  such  changes  will  amply  acooiint 
for  much  fluctuating  variability.  '  Secondly,  the  direct  action 
of  changed  conditions  on  the  organisation,  and  of  the  increased 
use  or  disuse  of  parts ;  and  in  this  case  the  gemmules  from 
the  modified  units  will  be  themselves  modified,*  and,  when 
sufficiently  multiplied,  will  supplant  the  old  gemmules  and 
be  developed  into  new  structures. 

Turning  now  to  the  laws  of  Inheritance.    If  we  suppose  a 


Cbap.  XXYIL  of  PANQENESia  891 

homog^eouB  gelatinoiis'  protosoon  to  varj  and  assame  a 
xeddiflh  colour,  a  minute  separated  partiole  would  naturally, 
as  it  grew  to  full  size,  retain  the  same  colour ;  and  we  should 
have  the  simplest  form  of  inheritance;^®  Precisely  the  same 
view  may  be  extended  to  the  infinitely  numerous  and  diversi- 
fied units  of  which  the  whole  body  of  one  of  the  higher 
animals  is  composed;  the  separated  particles  being  our 
gemmules.  We  have  already- sufficiently  discussed  by  impli* 
cation,  the  important  principle  of  inheritance  at  corresponding 
ages.  Inheritance  as  limited  by  sex  and  by  the  season  of  the 
year,  (for  instance  with  animals  becoming  white  in  winter)  is 
intelligible  if  we  may  believe  that  the  elective  affinities  of  the 
units  of  the  body  are  slightly  different  in 'the  two  sexes, 
especially  at  maturity,  and  in  one  or  both  sexes  at  different 
seasons,  so  that  they  imite  with  different  gemmules.  It 
should  be  remembered  that,  in  the  discussion  on  the  abnormal 
transposition  of  organs,  we  have  seen  reason  to  believe  that 
such  elective  affinities  are  readily  modified.  But  I  shall  soon 
have  to  recur'  to  sexual  and  seasonal  inheritance.  These 
several  laws  are  therefore  explicable  to  a  large  extent 
through  pangenesis,  and  on  no  other  hypothesis  which  has  as 
yet  been  advanced.     *-     •  •  ;«.;,', 

But  it  appears  at  first  sight  a  fatal  objection  to  our  bypo- 
thesis  that  a  pftrt  or  organ  may  be  removed  during  several 
successive  generations,  andufthe^  operation  be  not  followed 
by  disease,  the  lost  part  reappears  in  the  offspring.  Dogs  and 
horses  formerly  had  -their  tails  docked  during  many  genera- 
tions without  any  inherited  effect ;  although,  as  we  have  seen,' 
there  is  soine  -reason  to  believe  that  the  tailless,  condition  of 
certain:  sheep-dogs  is  due  to  vuch  inheritance.  Circumcision 
has  been  practised  by  the  Jews  from  a  remote*  period^  and  in 
most  cases  the  effects  of  the  operation*  are  not  visible  in  the 
ofiispring;  though  some  maintain  that  an  inherited  effect  does 
occasionally  appear.  If  inheritance  depends  on  the  presence  of 
disseminated  gemmules  derived  from  all  the  units  of  the  .body, 

'*  This  is  the  Tiew  taken  br  Prof.  ,   elterlichen  und  im  kindliohen  Orga- 

fiseckel,  in  hie  'Generelle  Morpho-  ntsmns,  die  Theilung  dieser  Mat^ie 

logie'    (D.  iL  t.  171),    who   says:  bei  der  Fortpflaniang, itt die  Unuicho 

''JLediglichdioiMirtielleldentitfttder  der  Erbliohkeit"  ' 

•pedfisch  conttiiuirten  Mattrio   im  '                vn.-, 
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why  does  not  the  amputation  or  mutilation  of  a  part,  especially 
if  effected  on  both  sexes,  invariably  affect  the  offspring  ?  The 
answer  in  accordance  with  our  hypothesis  probably  is  that 
gemmnles  multiply  and  are  transmitted  during  a  long  series 
oi  generations — as  we  see  in  the  reappearance  of  ssebrine 
stripes  on  the  horse — in  the  reappearance  of  muscles  and  other 
structures  in  man  which  are  proper  to  his  lowly  organised 
progenitors,  and  in  many  other  such  cases.  Therefore  the 
long-continued  inheritance  of  a  part  which  has  been  removed 
during  many  generations  is  no  real  anomaly,  for  gemmulos 
formerly  derived  from  the  part  are  multiplied  and  transmitted 
from  generation  to  generation. 

We  have  as  yet  spoken  only  of  the  removal  of  parts,  when 
not  followed  by  morbid  action :  but  when  the  operation  is 
thus  followed,  it  is  certain  that  the  deficiency  is  sometimes 
inherited.  In  a  former  chapter  instances  wore  given,  as  of  a 
cow,  the  loss  of  whose  horn  was  followed  by  suppuration,  and 
her  calves  were  destitute  of  a  horn  on  the  same  side  of  their 
heads.  But  the  evidence  which  admits  of  no  doubt  is  that 
given  by  Brown-S6quard  with  respect  to  guinea-pigs,  which 
after  their  sciatic  nerves  had  been  divided,  gnawed  off  their 
own  gangrenous  toes,  and  the  toes  of  their  offspring  were  de- 
ficient in  at  least  thirteen  instances  on  the  corresponding,  feet. 
The  inheritance  of  the  lost  part  in  several  of  these  cases  is  all 
the  more  remarkable  as  only  one  parent  was  affected ;  but  we 
know  that  a  congenital  deficiency  is  often  transmitted  from 
one  parent  alone — ^for  instance,  the  offspring  of  hornless  cattle 
of  either  sex,  when  crossed  with  perfect  animals,  are  often 
hornless.  How,  then,  in  accordance  with  our  hypothesis  can  we 
account  for  mutilations  being  sometimes  strongly  inherited,  if 
they  are  followed  by  diseased  action  ?  The  answer  probably 
is  that  all  the  gemmules  of  the  mutilated  or  amputated  part 
are  gradually  attracted  to  the  diseased  surface  during  the 
reparative  process,  and  are  there  destroyed  by  the  morbid 
action. 

A  few  words  must  be  added  on  the  complete  abortion  of 
organs.  When  a  part  becomes  diminished  by  disuse  pro- 
longed during  many  generations,  the  principle  of  economy  of 
growth,  together  with  intercrossing,  will  tend  to  reduce  it 
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Btill  furtlier  as  preYionsly  explained,  but  this  will  not  aooonnt 
for  the  complete  or  almost  complete  '^obliteration  of,  for 
instance,  a  minute  papilla  of  cellular  tissue  representing  a 
pistil,  or  of  A  miorosoopicallj  minute  nodule  of  bone  repre- 
senting a  tooth.  In  certain  cases  of  suppression  not  yet 
completed,  in  which  a  rudiment  occasionally  reappears 
through  reversion,  dispersed,  gemmules  derived  from  this  part 
must,  according  to  our  view,  still  exist ;  we  must  therefore 
suppose  that  the  cells,  in  union  with  which  the  rudiment  was 
formerly  developed,  fail  in  their  affinity  for  such  gemmules, 
except  in  the  occasional  cases  of  reversion.  But  when  the 
abortion  is  complete  and  final,  the  gemmules  themselves  no 
doubt  perish ;  nor  is  this  in  any  way  improbable,  for,  though 
a  vast  number  of  active  and  long*dormant  gemmules  are 
nourished  in  each  living  creature,  yet  there  must  be  some 
limit  to  their  number ;  and  it  appears  natural  that  gemmules 
derived  from  reduced  and  useless  parts  would  be  more  liable 
to  perish  than  those  freshly  derived  from  other  parts  which 
are  still  in  fall  functional  activity* 

The  last  subject  that  need  be  discussed,  namely.  Reversion, 
rests  on  the  principle  that  transmission  and  development, 
though  generally  acting  in  conjunction,  are  distinct  powers ; 
and  the  transmission  of  gemmules  with  their  subsequent 
development  shows  us  how  this  is  possible.  We  plainly  see 
the  distinction  in  the  many  cases  in  which  a  grandfather 
transmits  to  his  grandson,  through  his  daughter,  characters 
which  she  does  not,  or  cannot,  possess.  But  before  proceeding, 
it  will  be  advisable  to  say  a  few  words  about  latent  or 
dormant  characters.  Most,  or  perhaps  all,  of  the  secondary 
characters,  which  appertain  to  one  sex,  lie  dormant  in  the 
other  sex ;  that  is,  gemmules  capable  of  development  into  the 
secondary  male  sexual  characters  are  included  within  tho 
female;  and  conversely  female  characters  in  the  male:  we 
have  evidence  of  this  in  certain  masculine  characters,  both 
corporeal  and  mental,  appearing  in  the  female,  when  her 
ovaria  are  diseased  or  when  they  fail  to  act  from  old  age.  In 
like  manner  female  characters  appear  in  castrated  males,  as 
in  the  shape  of  the  horns  of  the  ox,  and  in  the  absence  of 
horns  in  castrated  stags.     Even  a  slight  change   in   the 
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oonditionB  of  life  due  to  confinement  sometimes  stiffioes  to  pre> 
vent  the  development  of  maacnline  eharacters  in  male  animals, 
althongh  their  xeproductiye  organs  are  not  permanently 
mjored. . \ In : the  many,  cases  in.which .  masculine  characters 
are  periodically .  renewed,  these  are  latent  at  other  seasons ; 
inheritance  as  limited  by  i  sex  and  season  being  here  com- 
bined.aj..  Again,  masculine  characters  generally  lie  dormant  in 
male  animals  until  they  arrire  at  the  proper  age  for.  repro- 
duction, t  The  curious  case  formerly  given  of  a  Hen  which 
assumed  the  masculine  characters,  not  of  her  own.  breed 
but  of  a  remote  progenitor;  illustrates  the  dose  connection 
between  latent  sexual  oharabters  and  ordinary  reversion. 
.  -With.thoee  animals  and  plants  which  habitually  produce 
several;  forms,  as  with,  certain  butterflies  described  by  Mr. 
Wallace,  in  which  three  female  forms  and  «one  male  form 
oo-exist,  or,  as  with  the.  trimorphic  species  of  Ly thrum  and 
Oxalis,  gemmules  capable  of  reproducing  these  diflferent  forms 
must  be  latent  in  each  individual. 

Insects  are  occasionally  produced  with  one  side  or  one 
quarter  of  their  bodies  like  that  of  the  male,  with  the  other 
half  or  three-quarters  like  that  of  the  female.  In  such  cases 
the  two  sides  are  sometimes  wonderfuUy  different  in  structure, 
and  are  separated  from  each  other  by  a. sharp  line. :  As  gem* 
mules  derived  from' every  part  are*  present  in  each  individual 
of  both  sexes,  it  must  be  the  elective  affinities  of  the  nascent 
oells.which  in  these  cases  differ  abnormally  on  the  two  sides 
of  the  .body«  Almost  the  same  principle  comes  into  play 
with  those  animals,  for  instance,-  certain  .gasteropods  and 
Verruca  amongst, cirripedes,  which  normally  have  the  two 
sides .  of  the  body  constructed'  on  a  very  different  plan ;  and 
yet  a  nearly  equal  number  of  individuals  have  either  side 
modified  in  the  same  remarkable  manner. 
.  Beversion,  in  the  ordinary  sense  of  the  word,  acts  so  inces- 
santly, that  it  evidently  forms  an  essential  -part  of  the 
general  law  of  inheritance..  It  occurs  with  beings,. however 
propagated,  whether  by  buds  or  seminal  generation,  and 
sometimes  may  be  observed  with  advancing  age  even  in  the 
same  individual.  The  tendency  to  reversion  is  often  induced 
by  a  change  of  conditions,  and  in  the  plainest  manner  b;jf 
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oroering.  Crocned  forms  of  the  first  generation  are  generally 
nearly  intermediate  in  oharaoier  between  their  two  parents; 
but  in  the  next  generation  the  offspring  oommonly  revert  to 
one  or  both  of  their  grandparents,  and  oocasionallj  to  more 
remote  ancestors.  How  can  we  aooonnt  for  thesei  facts? 
Each  nnit  in  a  hybrid  most  throw  off,,  according  to  the 
doctrine  of  pangenesis,  an  abundance  of  hybridised  gemmules^ 
for  crossed '  plants  can  be  readily  and  largely  propagated 
by-  buds ;  but  by  the  same  hypothesis  dormant  gemmules 
derived  from  botii  pure  parent*forms  are  likewito  present; 
and  as  these  gemmules  retain  their  normal  condition,  .they 
would,  it  is  probable,  be  enabled  to  multiply  largely  during 
the  lifetime  of  each  hybrid.  Consequently  the  sexual  elements 
of  a  hybrid  will  include  both  pure  and  hybridised  gemmules ; 
and  when  two  hybrids  pair,  the*  combination  of  pure  gem-^ 
mules  derived  from  the  one  hybrid -with  the  pure  gemmules 
of  the  same  parts  derived  from  the  other,  would  necessarily 
lead  to  complete  reversion  of  character;  and  it  is,  perhaps, 
not  too  bold  a  supposition  that  unmodified  and  undeteriorated 
gemmules  of  the  same  nature  would  be  especially  apt  to 
combine.  Pure  gemmules  in  combination  with  hybridised 
gemmules  would  lead  to  partial  reversion.  '■  And  lastly, 
hybridised  gemmules  derived  from  both  parent-hybrids 
would  simply  reproduce  the  original  hybrid  form.^^  All 
these  cases  and  degprees  of  reversion  incessantly  occur.  *  : . 

It  was  shown  in  the  fifteenth  chapter  that  certain  characters 
are  antagonistic  to  each  other  or  do  not  readily  blend ;  hence, 
when  two  animals  with  antagonistic  characters  are  crossedv 
it  might  well  happen  that  a  suflioioncy  of  gemmules  in  the  male 
alone  for  the  reproduction  of  his  peculiar  characters,  and  in  the 
female  alone  for  the  reproduction  of  her  peculiar  characters, 
would  not  be  present ;  and  in  this  case  dormant  gemmules 
derived  from  the  same  part  in  some  remote  progenitor  might 
easily  g^ain  the  ascendancy,  and  cause  the  reappearance  of 
the  long-lost  character.  For  instance,  when  black  and  white 
pigeons,  or  black  and  white  fowls,  are  crossed, — colours  which 

*>  In  these  remarks  I,  in  fact,  spedes  which  are  crossed.  See  his 
follow  Nandin,  who  speaks  of  the  excellent  memoir  in  the  'Nouyellci 
elements    or    essenoes    of   the    two      Archires  dn  Mns^am,'  torn.  1.  p.  151« 
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do  not  readily  blend, — ^blne  plumage  in  the  one  case,  evidently 
derived  from  the  rook-pigeon,  and  red  plumage  in  the  other 
oase,  derived  from  the  wild  jnngle-oooky  oocasionally  reappear. 
With  unoroesed  breeds  the  same  result  follows,  under  condi- 
tions which  favour  the  multiplication  and  development  of 
certain  dormant  gemmules,  as  when  animals  become  feral 
and  revert  to  their  pristine  character.  A  certain  number  of 
gemmules  being  requisite  for  the  development  of  each  cha- 
racter, as  is  known  to  be  the  case  from  several  spermatozoa 
or  poUen-grains  being  necessary  for  fertilisation,  and  time 
favouring  their  multiplication,  will  perhaps  account  for  the 
curious  cases,  insisted  on  by  Mr.  Sedgwick,  of  certain  diseases 
which  regularly  appear  in  alternate  generations.  This  like- 
wise holds  good,  more  or  less  stricldy,  with  other  weakly 
inherited  modifications.  Hence,  as  I  have  heard  it  remarked, 
certain  diseases  appear  to  gain  strength  by  the  intermission 
of  a  generation.  The  transmission  of  dormant  gemmules 
during  many  successive  generations  is  hardly  in  itself  more 
improbable,  as  previously  remarked,  than  the  rotontiou 
during  many  ages  of  rudimentary  organs,  or  even  only  of  a 
tendency  to  the  production  of  a  rudiment ;  but  there  is  no 
reason  to  suppose  that  dormant  gemmules  can  be  transmitted 
and  propagated  for  ever.  Excessively  minute  and  numerous 
as  they  are  believed  to  be,  an  infinite  number  derived,  during 
a  long  course  of  modification  and  descent,  from  each  unit  of 
each  progenitor,  could  not  be  supported  or  nourished  by  the 
organism.  But  it  does  not  seem  improbable  that  certain 
gemmules,  under  favourable  conditions,  should  be  retained 
and  go  on  multiplying  for  a  much  longer  period  than 
others.  Finally,  on  the  view  here  given,  we  certainly  gain 
some  insight  into  the  wonderful  fact  that  the  child  may 
depart  from  the  type  of  both  its  parents,  and  resemble  its 
grandparents,  or  ancestors  removed  by  many  hundreds  of 
generations. 

Conduaion. 

The  hypothesis  of  Pangenesis,  as  applied  to  the  several 
great  classes  of  facts  just  discussed,  no  doubt  is  extremely 
complex,  but  so  are  the  fiusts.    The  chief  assumption  is  that 
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all  the  units  of  the  bodj,  besides  having  the  universally  ad- 
mitted power  of  growing  bj  self-division,  throw  off  minute 
gemmules  whioh  are  dispersed  through  the  system.  Kor  oan 
this  assumption  be  considered  as  too  bold,  for  we  know  from 
the  cases  of  graft-hybridisation  that  formative  matter  of  some 
kind  is  present  in  the  tissues  of  plants,  which  is  capable  of 
Cfimbining  with  that  included  in  another  individual,  and  of 
reproducing  every  unit  of  the  whole  organism.  But  we  have 
further  to  assume  that  the  gemmules  grow,  multiply,  and 
aggregate  themselves  into  buds  and  the  sexual  elements; 
their  development  depending  on  their  union  with  other 
nascent  cells  or  units.  They  are  also  believed  to  be  capable 
of  transmission  in  a  dormant  state,  like  seeds  in  the  ground, 
to  successive  generations. 

In  a  highly-organised  animal,  the  gemmules  thrown  off 
from  each  different  unit  throughout  the  body  must  be  incon- 
ceivably numerous  and  minute.  Each  unit  of  each  part,  as 
it  changes  during  development,  and  we  know  that  some 
insects  undergo  at  least  twenty  metamorphoses,  must  throw 
off  its  gemmules.  But  the  same  cells  may  long  continue 
to  increase  by  self-division,  and  even  become  modified  by 
absorbing  peculiar  nutriment,  without  necessarily  throwing 
off  modified  gemmules.  All  organic  beip£^  moreover,  include 
many  dormant  gemmules  derived  from  their  grandparents 
and  more  remote  progenitors,  but  not  from  all  their  pro- 
genitors, lliese  almost  infinitely  numerous  and  minute 
gemmules  are  contained  within  each  bud,  ovule,  sperma- 
tozoon, and  pollen-grain.  Such  an  admission  will  be  de- 
clared impossible;  but  number  and  size  are  only  relative 
difficultios.  Independent  organisms  exist  which  are  barely 
"visible  under  the  highest  powers  of  the  microscope,  and  their 
germs  must  be  excessively  minute.  Particles  of  inf^tious 
matter,  so  small  as  to  be  wafted  by  the  wind  or  to  adhere  to 
smooth  paper,  will  multiply  so  rapidly  as  to  infect  within  a 
short  time  the  whole  body  of  a  large  animal.  We  should 
also  reflect  on  the  admitted  number  and  minuteness  of 
the  molecules  composing  a  particle  of  ordinary  matter. 
The  difficulty,  therefore,  which  at  first  appears  insurmount- 
able, of  believing  ^n  the  existence  of  gemmules  so  numerous 
89 
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and  siuall  as  they  miiBt  be  acoordii^g  to  ova  hypothesis,  has 
no  great  weight. 

,  The  units  of  the  body  are  generally  admitted  by  physiolo- 
gists to  be  autonomous.,  I  go  one  step  further  and  assume 
that  they  throw,  off  reproductive  gemmules.  Thus  an  organ-* 
ism  does  not  generate  its  kind  as  a  whole,  but  each  separate 
unit  generates  its  kind.  It  has  often  been  said  by  naturalists 
that  each  cell  of  a  plant  has  the,  potential  capacity  of  repro- 
ducing the  whole  plant ;  but.it  has  this  power  only  in  virtue 
of  containing  gemmules  derived  from  every  part.  When  a 
cell  or  unit  is  from  some  cause  modified,  the  gen^mules  derived 
from  it  will  be  in  like  manner  modified.  If  our  hypothesis 
be  provisionally  accepted,  we  must  look  at  all  the  foims  of 
asexual  reproduction,  whether  occurring  at  maturity  or  during 
youth,  as  fundamentally  the  same,  and  dependent  on  the 
mutual  aggregation  and  multiplication  of  the  gemmules. 
'J*he  re-growth  of  an  amputi^ted  limb  and  the  healing  of  a 
wound  is  the  same  process  partially  carried  out.  Buds 
apparently,  include  nascent  cells,  belonging  to  that  stage  of 
development  at  which  the  budding  occurs,  and  these  cells  are 
ready  to  unite  with  the  gemmules  derived  from  the  next 
succeeding  cells.  I'he  sexual  elements,  on  the  other  hand, 
do  not  include  suo^  nascent  cells ;  and  the  male  and  female 
elements  taken  separately  do  not  contain  a  sufficient  number 
of  gemmules  for  independent  development,  except  in  the 
oases  of  parthenogenesis.  The  development  of  each  bciag, 
including  all  the  forms  of  metamorphosis  and  metagenesis, 
depends  on  the  presence  of  gemmules  thrown  off  at  each 
period  of  life,  and  on  their  development,  at  a  corresponding 
period,  in  union  with  preceding  colls.  Such  cells  may  be 
said  to  be  fertilised  by  the  gemmules  which  come  next  in  due 
order  of  development.  Thus  the  act  of  ordinary  impreg- 
nation and  the  development  of  each  part  in  each  being  are 
closely  analogous  processes.  The  child,  strictly  speaking, 
does  not  grow,  into  the  man,  but  includes  germs  which  slowly 
and  successively  become  developed  and  form  the  man.  In 
the  child,  as  well  as  in  the  adult,  each  part  generates  the 
8ame  part.  Inheritance  must  be  looked  at  as  merely  a  form 
of  growth,  like  the  self-division  of  a  lowly-organibed  uni* 
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oellular  orgaaianL  Beversion  depends  on  the  tranBinission 
firom  the  forefather  to  his  descendants  of  dormant  gemmules, 
which  occasionally  become  developed  nnder  certain  known  or 
unknown  conditions.  Each  animal  and  plant  may  be  com- 
pared with  a  bed  of  soil  full  of  seeds,  some  of  which  soon 
germinate,  some  lie  dormant  for. a  period,  whilst  others 
perish.  When  we  hear  it  said  that  a  man  carries  in  his 
constitution  the  seeds  of  an  inherited  disease,  there  is  much 
truth  in  the  expression.  No  other  attempt,  as  far  as  I  am 
aware,  has  been,  made,  imperfect  as  this  confessedly  is,  to 
connect  under  one  point  of  view  these  several  grand  classes 
of  facts.  An  organic  being  is  a  microcosm — a  little  universe, 
formed  of  a  host  of  self-propagating  organisms,  inconceivably 
minute  and  numerous  as  the  stars  in  heaven* 
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CHAPTER  XXVm. 

OONCLUDINa  RBICASES. 

OOmafnOATION— HATUIIB  AND  OAVSSB  Or  TARIABILITT— SBLIOTTON— DITSB- 
OBMOa  AND  DianNOTNttS  Oy  OUARAOTBB — KZTINOTXON  OF  BA0B8— * 
OIBCDVffrANaBS  FAYOUBABUB  TO  ULBOTION  BT  MAN — ^ANTIQUITT  OF 
CERTAIN  BAOB»--THB  QUISTION  WHBTHU  EAGR  PABHOULAB  YABIATION 
HAS  BBBV  8PB0IALLT  FBIOBDAINBD. 

As  summaries  have  been  added  to  nearly  all  the  chapters,  and 
as,  in  the  chapter  on  pangenesis,  various  subjects,  such  as  the 
forms  of  reproduction,  inheritance,  reversion,  the  causes  and 
laws  of  variability,  d^c,  have  been  recently  discussed,  I  will 
here  only  make  a  few  general  remarks  on  the  more  important 
conclusions  which  may  be  deduced  f^om  the  multifarious 
details  given  throughout  this  work. 

Savages  in  all  parts  of  the  world  easily  succeed  in  taming 
wild  animals;  and  those  inhabiting  any  country  or  island, 
when  first  visited  by  man,  would  probably  have  been  still 
more  easily  tamed.  Complete  subjugation  generally  dependa 
on  an  animal  being  social  in  its  habits,  and  on  receiving  man 
as  the  chief  of  the  herd  or  family.  In  order  that  an  animal 
should  be  domesticated  it  must  be  fertile  under  changed  con- 
ditions of  life,  and  thia  is  far  from  being  always  the  case.  An 
animal  would  not  have  been  worth  the  labour  of  domestica- 
tion, at  least  during  early  times,  unless  of  service  to  man. 
From  these  drcumstanoes  the  number  of  domesticated  animals 
has  never  been  large.  With  respect  to  plants,  I  have  shown 
in  the  ninth  chapter  how  their  varied  uses  were  probably 
first  discovered,  and  the  early  steps  in  their  cultivation.  Man 
could  not  have  known,  when  he  first  domesticated  an  animal 
or  plant,  whether  it  would  flourish  and  multiply  when  trans- 
ported to  other  countries,  therefore  he  could  not  have  been 
thus  influenced  in  his  choice.  We  see  that  the  dose  adapta- 
tion of  the  reindeer  and  camel  to  extremely  cold  and  hot 
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oonntries  has  not  preyentod  their  domoBtication.  Still  less 
oonld  man  have  foreseen  whether  his  animals  and  plants 
wonld  vary  in  snooeeding  generations  and  thns  giye  birth  to 
new  races;  and  the  small  capadtj  of  Tariabilitj  in  the  goose 
lias  not  prevented  its  domestication  from  a  remote  epooh. 

With  oxtromolj  few  exceptions,  all  animals  and  plants 
which  have  been  long  domesticated  have  varied  greatly.  It 
matters  not  nnder  what  climate,  or  for  what  pnrpose  they  are 
kept,  whether  as  food  for  man  or  beast,  for  dranght  or  hunt- 
ing, for  dothing  or  mere  pleasure, — nnder  all  these  circum- 
stances races  have  been  produced  which  differ  more  from  one 
another  than  do  the  forms  which  in  a  state  of  nature  are 
ranked  as  different  species.  Why  certain  animals  and  plants 
have  varied  more  under  domestication  than  ot)iers  we  do  not 
know,  any  more  than  why  some  are  rendered  more  sterile 
than  others  under  changed  conditions  of  life.  But  we  have 
to  judge  of  the  amount  of  variation  which  our  domestic  pro- 
ductions have  undergone,  chiefly  by  the  number  and  amount 
of  difference  between  the  races  which  have  been  formed,  and 
we  can  often  clearly  see  why  many  and  distinct  races  have 
not  been  formed,  namely,  because  slight  successive  variations 
have  not  been  steadily  accumulated ;  and  such  variations  will 
never  be  accumulated  if  an  animal  or  plant  bo  not  closely 
observed,  much  valued,  and  kept  in  large  numbers. 

The  fluctuating,  and,  as  far  as  we  can  judge,  never-onding 
variability  of  our  domesticated  productions, — the  plasticity  of 
almost  their  whole  organisation, — is  one  of  the  most  important 
lessons  which  we  learn  from  the  numerous  details  given  in 
the  earlier  chapters  of  this  work.  Yet  domesticated  animals 
and  plants  can  hardly  have  been  exposed  to  greater  changes 
in  their  conditions  of  life  than  have  many  natural  species 
during  the  incessant  geological,  geographical,  and  climatal 
changes  to  which  the  world  has  been  subject;  bat  domes- 
ticated productions  will  often  have  been  exposed  to  more 
sudden  changes  and  to  less  continuously  imiform  conditions. 
As  man  has  domesticated  so  many  animaLs  and  plants  be- 
longing to  widely  different  classes,  and  as  he  certainly  did  not 
choose  with  prophetic  instinct  those  species  which  would  vary 
most,  we  may  infer  that  all  natural  species,  if  exposed  to 
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analogous  oonditioim,  would,  oi^  an  average,  vary  to  the  same 
degree.  Few  men  at  the  present  day  will  maintain  that 
animals  and  plants  were  created  with  a  tendency  to  vary, 
which  long  remained  dormant,  in  order  that  fanciers  in  after 
ages  might  rear,  for  instance,  cnrions  breeds  of  the  fowl, 
pigeon,  or  canary-bird. 

From  scTeral  causeisit  is  difficult  to  judge  of  the  amount 
of  modification  which  our  domestic  productions  have  under- 
gone. In  some  cases  the  primitive  parent-stock  has  become 
extinct;  or  it  cannot  be  recognised  with  certainty,  owing  to 
its  supposed  descendants  having  been  so  much  modified.  In 
other  cases  two  or  more  closely-allied  forms,  after  being 
domesticated,  have  crossed ;  and  -tiien  it  is  difficult  to  estimate 
how  much  of  the  character  of  the  present  descendants  ought 
to  be  attributed  to  variation,  and  how  much  to  the  influence 
of  the  several  parent-stocks.  But  the  degree  to  which  our 
domesticated  breeds  have  been  modified  by  the  crossing  of 
distinct  species  has  probably  been  much  exaggerated  by  some 
authors.  A  few  individuals  of  one  form  would  seldom  per- 
manently affect  another  form  existing  in  g^reater  numbers ; 
for,  without  careful  selection,  the  stain  of  the  foreign  blood 
would  soon  be  obliterated,  and  during  early  and  barbarous 
times,  when  our  animals  were  first  domesticated,  such  care 
would  seldom  have  been  taken. 

There  is  good  reason  to  believe  in  the  case  of  the  dog,  ox, 
pig,  and  of  some  other  animals,  that  several  of  our  races  are 
descended  from  distinct  wild  prototypes;  nevertheless  the 
belief  in  the  multiple  origin  of  our  domesticated  animals  has 
been  extended  by  some  few  naturalists  and  by  many  breeders 
to  an  unauthorised  extent.  Breeders  refuse  to  look  at  the 
whole  subject  under  a  single  point  of  view ;  I  have  heard 
it  said  by  a  man^  who  maintained  that  our  fowls  were  de- 
scended from  at  least  half-a-dozen  aboriginal  species,  that  the 
evidence  of  the  common  origin  of  pigeons,  ducks  and  rabbits, 
was  of  no  avail  with  respect  to  fowls.  Breeders  overlook 
the  improbability  of  many  species  having  been  domesticated 
at  an  early  and  barbarous  period.  They  do  not  consider  the 
improbability  of  species  having  existed  in  a  state  of  nature 
which,  if  they  resembled  our  present  domestic  breeds,  would 
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have  been  highly  abnormal  in  oom|>ari8on  with  all  their 
congeners.  They  maintain  that  certain  species,  which 
formerly  existed,  have  become  extinct,  or  are  now  unknown, 
although  formerly  known.  The  assumption  of  so  much 
recent  extinction  is  no  difficulty  in  their  eyes ;  for  they  do 
not  judge  of  Its  probability  by  the  facility  or  difficulty  of  '(he 
extinction  of  other  closely-allied  wild  forms.  Lastly,  t}key 
often' ignore  the  whole  subject  of  geographical  distribution  as 
completely  as  if  it  were  the  result  of  chance. 

Although  from  the  reasons  just  assigned  it  is  often  difficult 
to  judge  accurately  of  the  amount  of  change  which  our 
domesticated  productions  have  undergone,  yet  this  can  be 
ascertained  in  the  cases  in  which  all  the  breeds  are  known 
to  be  descended  from  a  single  species,'a&  with  the  pigeon, 
duck,  rabbit,  and  almost  certainly  with  the  fowl;  and  by  the 
aid  of  analogy  this  can  be  judged  of  to  a  certain  extent  with 
domesticated  animals  descended  from  several  wild  stocks.  It 
is  impossible  to  read  the  details  given  in  the  earlier  chapters 
and  in  many  published  works,  or  to  visit  our  various  ex- 
hibitions, without  being  deeply  impressed  with  the  extreme 
variability  of  our  domesticated  animals  and  cultivated  plants. 
No  part  of  the  organisation  esci^>es  the  tendency  to  vary. 
The  variations  generally  affect  parts  of  small  vital  or  physio- 
logical importance,  but  so  it  is  with  the  differences  which 
exist  between  closely-allied  species.  In  these  unimportant 
characters  there  is  often  a  greater  difference  between  the 
breeds  of  the  same  species  than  between  the  natural  species 
uf  the  same  genus,  as  Isidore  Geoffrey  has  shown  to  be  the 
case  with  size,  and  as  is  often  the  case  with  the  colour, 
texture,  form,  <&c.,  of  the  hair,  feathers,  horns,  and  other 
dermal  appendages. 

It  has  often  been  asserted  that  important  parts  never  vary 
under  domestication,  but  this  is  a  complete  error.  '  Look  at 
the  skull  of  the  pig  in  any  one  of  the  highly  improved  breeds, 
with  the  occipital  condyles  and  other  parts  greatly  modified ; 
or  look  at  that  of  the  niata  ox.  Or,  again,  in  the  several 
breeds  of  the  rabbit,  observe  the  elongated  skull,  with  the 
differently  shaped  occipital  foramen,  atlas,  and.  other  cervical 
vertebrae.    The  whole  shape  of  the  brain,  together  with  th« 
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Bkiill,  has  been  modified  in  Polish  fowls ;  in  other  breeds  of 
the  fowl  the  number  of  the  Tertebr»  and  the  forms  of  the 
cervical  vertebras  have  been  changed.  In  certain  pigeons  the 
shape  of  the  lower  jaw,  the  relative  length  of  the  tongue,  the 
size  of  the  nostrils  and  eyelids,  the  number  and  sha^te  of  the 
ribs,  the  form  and  size  of  the  oesophagus,  have  all  vaiied.  In 
certain  quadrupeds  the  length  of  the  intestines  has  been  much 
increased  or  diminished.  With  plants  we  see  wonderful 
dififerenoes  in  the  stones  of  various  fruits.  In  the  Cucur- 
bitaoea)  several  highly  important  characters  have  varied,  such 
as  the  sessile  position  of  the  stigmas  on  the  ovarium,  the 
position  of  the  carpels,  and  the  projection  of  the  ovarium  out 
of  the  receptacle.  But  it  would  be  useless  to  run  through 
the  many  facts  given  in  the  earlier  chapters. 

It  is  notorious  how  greatly  the  mental  disposition,  tastes, 
habits,  consensual  movements,  loquacity  or  silence,  and  tone 
of  voice  have  varied  and  been  inherited  in  our  domesticated 
animals.  The  dog  ofTors  the  most  striking  instance  of  changed 
mental  attributes,  and  these  dififerenoes  cannot  be  accounted 
for  by  descent  from  distinct  wild  types. 

New  characters  may  appear  and  old  ones  disappear  at  any 
stage  of  development,  being  inherited  at  a  corresponding 
stage.  We  see  this  in  the  difference  between  the  eggs,  the 
down  on  the  chickens  and  the  first  plumage  of  the  various 
breeds  of  the  fowl ;  and  still  more  plainly  in  the  differences 
between  the  caterpillars  and  cocoons  of  the  various  breeds  of 
the  silk-moth.  These  facts,  simple  as  they  appear,  throw  light 
on  the  differences  between  the  larval  and  adult  states  of 
allied  natural  species,  and  on  the  whole  great  subject  of  em- 
bryology. New  characters  first  appearing  late  in  life  are  apt 
to  become  attached  exclusively  to  that  sex  in  which  they 
first  arose,  or  they  may  be  developed  in  a  much  higher  degree 
in  this  than  in  the  other  sex ;  or  again,  after  having  become 
attached  to  one  sex,  they  may  be  transferred  to  the  opposite 
sex.  These  facts,  and  more  especially  the  circumstance  that 
new  characters  seem  to  be  particularly  liable,  from  some 
unknown  cause,  to  become  attached  to  the  male  sex,  have  an 
important  bearing  on  the  acquirement  of  secondary  sexual 
characters  by  animals  in  a  state  of  nature. 
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It  has  aometimes  been  said  that  otir  domestic  races  do  not 
differ  in  constitntional  pecoliarities,  but  this  cannot  be  main- 
tained. In  onr  improved  cattle,  pigs,  iso,,  the  period  of 
maturitj,  including  that  of  the  seoond  dentition,  has  been 
mnoh  hastened.  The  period  of  gestation  varios  mnoh,  and 
has  been  modified  in  a  fixed  manner  in  one  or  two  cases.  In 
some  breeds  of  poultry  and  pigeons  the  period  at  which  the 
down  and  the  first  plumage  are  acquired,  differs.  The  number 
of  moults  through  which  the  larvtB  of  silk-moths  pass,  yaries. 
The  tendency  to  fatten,  to  yield  much  milk,  to  produce  many 
young  or  eggs  at  a  birth  or  during  life,  differs  in  different 
breeds.  We  find  different  degrees  of  adaptation  to  climate, 
and  different  tendencies  to  certain  diseases,  to  the  attacks  of 
parasites,  and  to  the  action  of  certain  vegetable  poisons. 
With  plants,  adaptation  to  certain  soils,  the  power  of  resisting 
frost,  the  period  of  flowering  and  fruiting.  Hie  duration  of 
life,  the  period  of  shedding  the  leaves  or  of  retaining  them 
throughout  the  winter,  the  proportion  and  nature  of  certain 
chemical  compounds  in  the  tissues  or  seeds,  all  vary. 

There  is,  however,  one  important  constitutional  difference 
between  domestic  races  and  species;  I  refer  to  the  sterility 
which  almost  invariably  follows,  in  a  greater  or  less  degree, 
when  species  are  crossed,  and  to  the  perfect. fertility  of  the 
most  distinct  domestic  races,  with  the  exception  of  a  very 
few  plants,  when  similarly  crossed.  It  is  certainly  a  most 
remarkable  fact  that  many  closely-allied  species,  which  in 
appearance  differ  extremely  little,  should  yield  when  crossed 
only  a  few  more  or  less  sterile  ofbpring,  or  none  at  aU; 
whilst  domestic  races  which  differ  conspicuously  from  each 
other  are,  when  imited,  remarkably  fertile,  and  yield  perfectly 
fertile  o&pring.  But  this  fact  is  not  in  reality  so  inexplicable 
as  it  at  first  appears.  In  the  first  place,  it  was  clearly  shown 
in  the  nineteenth  chapter  that  the  sterility  of  crossed  species 
does  not  depend  chiefly  on  differences  in  iJieir  external  struc- 
ture or  general  constitution,  but  on  differences  in  the  repro- 
ductive system,  analogous  to  those  which  cause  the  lessened 
fertility  of  the  illegitimate  imions  of  dimorphic  and  trimorphio 
plants.  In  the  second  place,  the  Pallasian  doctrine,  that 
Bi)ecies  after  having  been  long  domesticated  lose  their  natural 
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tendency  to  Bterility,  when  iCroesed,:  has  been  shown  to  be 
highly  probable  or  almost  certain.  We  cannot  avoid  this 
oondnsion  when  weireflect.  on  the  parentage  and  present 
fertility  .of  the  several  breeds  of  the  dog,  of  the  Indian  or 
humped«and  European  detttle,  and  of  the  two  chief  Idnda  of 
pigs..  Hence  it  would  •  bennreasonable  to  expect  that  races 
formed  :Under  domestication  should  acquire  sterility  when 
crossed,  whilst  at  the  same  time  we  admit  that  domestication 
eliminates  the  normal  sterility  of  crossed  species.  Why  with 
closely-allied  species  their  reproductive  systems  should  almost 
invariably  have  been  modified  in  so  peculiar  a  manner  as  to 
be  mutually  incapable  of  acting  on  each  other— though  in  un- 
equal degrees  in  the  two  sexes,  as  shown  by  the  difference  in 
fertility  between  reciprocal  crosses  of  the  same  species — we 
do  not  know,  but  may  with  much  probability  infer  the  cause 
to  be  as  follows.  Most  natural  species  have  been  habituated  to 
nearly  uniform  conditions  of  life  for  I  an  incomparably  longeif 
time  than  have  domestic  races ;  and  we  positively  know  that 
changed  conditions  exert  an  especial  and  powerful  influence 
on  the  reproductive  system;  Hence  this  difference  may  well 
acooimt  for  the  difference  in  the  power  of  reproduction  between 
domestic  races  when  crossed  and'  species  when  crossed.  It  is 
probably  in  ohief  part  owing  to  the  same  cause  that  domestic 
races  can  be.  suddenly  transported  from  one  climate  to 
another,  or  placed  under  widely  different  conditions,  and  yet 
retain'  in  most  cases  their  fertility  unimpaired;  whilst  a 
multitude  of  species  subjected  to  lesser  changes  are  rendered 
incapable  of  breeding.    ' 

'  The*  of&pring  of  crossed  domestic  races  and  of  crossed 
species  resemble  each  other  in  most  respects,  with  the  one  im- 
portant exception  of  fertility ;  they  often  partake  in  the  same 
unequal  degree  of  the  characters  of  their  parents,  one  of 
which  is  often  prepotent  over  the  other ;  and  they  aire  liable 
to  reversion  of  the  same  kind.  By  successive  crosses  one 
species  may  be  made  to  absorb  completely  another,  and  so 
it  notoriously  is  with  races.  The  latter  resemble  species  in 
many  other  ways.  They  sometimes  inherit  their  newly- 
acquired  characters  almost  or  even  quite  as  firmly  as  species. 
The  conditions  leading  to  variability  and  the  laws  governing 
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its  nature  appear  to  be  the  same  in  both.  Varieties  can  be 
classed  in  groups  under  groups,  like  species  under  genera,  and 
these  under  families  and  orders ;  and  the  classification  may 
be  either  artificial, — that  is,  founded  on  any  arbitrary  cha- 
racter,— or  natural.  With  varieties  a  natural  classification 
is  certainly  founded,  and  with  species  is  apparently  founded, 
on  community  of  descent,  together  with  the  amount  of  modi- 
fication which  the  forms  have  undergone.  The  characters 
by  which  domestic  varieties  differ  from  one  another  are  more 
variable  than  those  distinguishing  species,  though  hardly 
more  so  than  with  certain  polymorphic  species;  but  this 
greater  degree  of  variability  is  not  surprising,  as  varieties 
have  generally  been  exposed  within  recent  times  to  fluctu- 
ating conditions  of  life,  and  are  much  more  liable  to  have 
been  crossed ;  they  are  also  in  many  cases  stiU  undergoing, 
or  have  recently  undergone,  modification  by  man's  methodical 
or  unconscious  selection. 

Domestic  varieties  as  a  general  rule  certainly  differ  from 
one  another  in  less  important  parts  than  do  species;  and 
when  important  differences  occur,  they  are  seldom  firmly 
fixed;  but  this  fact  is  intelligible,  if  we  consider  man*s 
nethod  of  selection.  In  the  living  animal  or  plant  he  cannot 
observe  internal  modifications  in  the  more  important  organs  ; 
nor  does  he  regard  them  as  long  as  they  are  compatible  with 
health  and  life.  What  does  the  breeder  care  about  any 
slight  change  in  the  molar  teeth  of  his  pigs,  or  for  an  ad- 
ditional molar  tooth  in  the  dog ;  or  for  any  change  in  the 
intestinal  canal  or  other  internal  organ  ?  llie  breeder  cares 
for  the  flesh  of  his  cattle  being  well  marbled  with  fat,  and 
for  an  accumulation  of  fat  witliin  the  abdomen  of  his  sheep, 
and  this  ho  has  effected.  What  would  the  floriculturist  care 
for  any  change  in  the  structure  of  the  ovarium  or  of  the 
ovules?  As  important  internal  organs  are  certainly  liable 
to  numerous  slight  variations,  and  as  these  would  probably 
be  t]*ansmitted,  for  many  strange  monstrosities  are  inherited, 
man  could  undoubtedly  effect  a  certain  amount  of  change  in 
these  organs.  When  he  has  produced  any  modification  in  an 
important  part,  ho  has  generally  done  so  unintentionally, 
in  correlation  with  some  other  conspicuous  part.  For  in- 
etan(!!e,  he  has  given  ridges  and  protuberances  to  the  skulls 
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of  fowls,  by  attending  to  fhe  form  of  the  oomb,  or  to  the 
plume  of  feathers  on  the  head.  By  attending  to  the  external 
form  of  the  pouter-pigeon,  he  has  enormously  increased  the 
size  of  the  oesophagus,  and  has  added  to  the  number  of  the 
ribs,  and  given  them  greater  breadth.  With  the  carrier- 
pigeon,  by  increasing  through  steady  selection  the  wattles 
on  the  upper  mandible,  he  has  greatly  modified  the  form  of 
the  lower  mandible ;  and  so  in  many  other  oases.  Natural 
species,  on  the  other  hand,  have  been  modified  exclusively 
for  their  own  good,  to  fit  them  for  infinitely  diversified  con- 
ditions of  life,  to  avoid  enemies  of  all  kinds,  and  to  struggle 
against  a  host  of  competitors.  Hence,  under  such  complex 
conditions,  it  would  often  happen  that  modifications  of  the 
most  varied  kinds,  in  important  as  well  as  in  unimportant 
parts,  would  be  advantageous  or  even  necessary ;  and  they 
would  slowly  but  surely  be  acquired  through  the  survival 
of  the  fittest.  Still  moi*e  important  is  the' fact  that  various 
indirect  modifications  would  likewise  arise  through  the  law 
of  correlated  variation. 

Domestic  breeds  often  have  an  abnormal  or  semi-monstrous 
character,  as  amongst  dogs,  the  Italian  greyhound,  bulldog, 
Blenheim  spaniel,  and  bloodhound, — some  breeds  of  cattle 
and  pigs, — several  breeds  of  the  fowl, — and  the  chief  breeds 
of  the  pigeon.  In  such  abnormal  breeds,  parts  which  differ 
but  slightly  or  not  at  all  in  the  allied  natural  species,  have 
been  greatly  modified.  This  may  be  aocoutited  for  by  man's 
often  selecting,  especially  at  first,  conspicuous  and  semi- 
monstrous  deviations  of  structure.  We  should,  however, 
be  cautious  in  deciding  what  deviations  ought  to  be  called 
monstrous :  there  can  hardly  be  a  doubt  that,  if  the  brush 
of  horse-like  hair  on  the  breast  of  the  turkey-cock  had  first 
appeared  in  the  domesticated  bird,  it  would  have  been  con- 
sidered as  a  monstrosity ;  the  great  plume  of  feathers  on  the 
]ioad  of  the  Polish  cock  has  been  thus  designated,  though 
plumes  are  common  on  the  heads  of  many  kinds  of  birds ; 
we  might  call  the  wattle  or  corrugated  skin  round  the  base 
of  .the  beak  of  the  English  carrier-pigeon  a  monstrosity, 
but  we  do  not  thus  speak  of  the  globular  fleshy  excrescence 
at  the  base  of  the  beak  of  the  Carpophcufa  oceanica. 
.  Some  autliora  have  drawn  a  wile    distinction   lietween 


CUAP.  XXVIU.  CX)KCLUDIKO  BEHABK6.  40d 

artificial  and  natural  breeds ;  althongli  in  extreme  cases  the 
distinction  is  plain,  in  many  other  oases  it  is  arbitrary;  the 
difference  depending  chiefly  on  the  kind  of  selection  which 
has  been  applied.  Artificial  breeds  are  those  which  have 
been  intentionally  improyed  by  man ;  they  frequently  have 
an  unnatural  appearance,  and  are  especially  liable  to  lose 
their  characters  through  reyersioii  and  continued  Tariability. 
The  so-called  natural  breeds,  on  the  other  hand,  are  those 
which  are  found  in  semi-civilised  countries,  and  which 
formerly  inhabited  separate  districts  in  nearly  all  the 
European  kingdoms.  They  haye  been  rarely  acted  on  by 
man's  intentional  selection ;  more  frequently  by  unconscious 
selection,  and  partly,  by  natural  selection,  for  animals  kept 
in  semi-ciyilised  countries  haye  to  proVide  largely  for  their 
own  wants.  Such  natural  breeds  will  also  haye  been  directly 
acted  on  by  the  differences,  though  slight,  in  the  surrounding 
conditions. 

There  is  a  much  more  important  distinction  between  our 
eeyeral  breeds,  namely,  in  some  haying  originated  from  a 
strongly-marked  or  semi-monstrous  deviation  of  structure, 
whidi,  howeyer,  may  subsequently  haye  been  augmented 
by  selection;  whilst  others  have  been  formed  in  so  slow 
and  insensible  a  manner,  that  if  we  could  see  their  early  pro- 
genitors we  should  hardly  be  able  to  say  when  or  how  the 
breed  first  arose.  From  the  history  of  the  racehorse,  grey- 
hound, gamecock,  d^c,  and  from  their  general  appearance, 
we  may  feel  nearly  confident  that  they  were  formed  by  a 
slow  process  of  improyemont;  and  we  know  that  this  has 
boon  the  cose  with  tlio  carrior-pigoon,  as  wdl  as  with  some 
other  pigeons.  On  the  other  hand,  it  is  ceitain  that  the 
ancon  and  mauchamp  breeds  of  sheep,  and  almost  certain 
that  the  niata  cattle,  turnspit,  and  pug-dogs,  jumper  and 
frizzled  fowls,  short-faced  tumbler  pigeons,  hook-billed  ducks, 
<Sec.,  suddenly  appeared  in  nearly  the  same  state  as  we  now 
see  them.  So  it  has  been  with  many  cultiyated  plants.  The 
frequency  of  these  cases  is  likely  to  lead  to  the  false  belief 
that  natural  species  haye  often  originated  in  the  same  abrupt 
manner.  But  we  haye  no  eyidenoe  of  the  appearance,  or  at 
least  of  the  continued  procreation,  under  nature,  of  abrupt 
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modifications  of  stractnre ;  and  various  general  reasons  could 
be  assigned  against  snch  a  belief. 

On  the  other  hand,  we  have  abundant  evidence  of  the 
constant  occurrence  under  nature  of  slight  individual  differ- 
ences of  the  most  diversified  kinds ;  and  we  are  thus  led  to 
conclude  that  species  have  generally  originated  by  the  natural 
selection  of  extremely  slight  differences.  This  process  may 
be  strictly  compared  with  the  slow  and  gradual  improvement 
of  the  racehorse,  greyhound,  and  gamecock.^  As  every  detail 
of  structure  in  each  species  has  to  be  closely  adapted  to  its 
habits  of  life,  it  will  rarely  happen  that  one  part  alone  will 
be  modified;  but,  as  was  formerly  shown,  the  co-adapted 
modifications  need  not  be  absolutely  simultaneous.  Many 
variations,  however,  are  from  the  first  connected  byihe  law  of 
ofjrrelation.  Hence  it  follows  that  even  dosely-allied  species 
rarely  or  never  differ  froin  one  another  by  one  character 
alone  ;  and  the  same  remark  is  to  a  certain  extent  applicable 
to  domestic  races ;  for  these,  if  they  differ  much,  generally 
differ  in  many  respects. 

Some  naturalists  boldly  insist  ^  that  species  are  absolutely 
distinct  productions,  never  passing  by  intermediate  links  into 
one  another  r  whilst  they  maintain  that  domestic  varieties 
can  always  be  coxmected  either  with  one  another  or  with  their 
parent-forms.  But  if  we  could  always  find  the  links  between 
the  several  bre^  of  the  dog,  horse,  cattle,  sheep,  pigs,  &C., 
there  would  rot  have  been  such  incessant  doubts  whether 
they  were  descended  fr6m  one  or  several  species.  The  grey- 
hound genus,  if  such  a  term  may  be  used,  cannot  be  closely 
connected  with  any  other  breed,  unless,  perhaps,  we  go  back  to 
the  ancient  Egyptian  monuments.  Our  English  bulldog  also 
forms  a  very  distinct  breed.  In  all  these  cases  crossed  breeds 
must  of  course  be  excluded,  for  distinct  natural  species  can 
thus  be  likewise  connected.  By  what  links  can  the  Cochin 
fowl  be  closely  united  with  others  ?  '  By  searching  for  breeds 
still  preserved  in  distant  lands,  and  by  going  back  to 
historical  records,  tumbler-pigeons,  carriers,  and  barbs  can 
be  closely  connected  with  the  parent  rock-pigeon;  but  ws 

I  (Sodron,  *  De  I'Esptee,'  1859,  torn.  ii.  p.  44,  &o. 
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cannot  thus  connect  the  turbit  or  the  ponter.  The  degree 
of  distinctness  between  the  Tarious  domestic  breeds  depends 
on  the  amount  of  modification  which  they  have  undergone, 
and  more  especiallj  on  the  neglect  and  final  extinction  of 
intermediate  and  less- valued  forms. 

It  has  often  been  argued  that  no  light  is  thrown  on  the 
changes  which  natural  species  are  believed  to  undergo  from 
the  admitted  changes  of  domestic  races,  as  the  latter  are 
said  to  be  mere  temporary  productions,  always  reverting, 
as  iMX>n  as  they  become  feral,  to  their  pristine  form.  This 
argument  has  been  well  combated  by. Mr.  Wallace;'  and 
full  details  were  given  in  the  thirteenth  chapter,  showing 
that  the  xtendency  to  reversion  in  feral  animals  and  plants 
has  been  greatly  exaggerated,  though  no  doubt  it  exists  to 
a  certain  extent.  It  would  be  opposed  to  all  the  principles 
inculcated  in'  this  work,  if  domestic  animals,  when  exposed 
to  new  conditions  and  compelled  to  struggle  for  their 
own  wants  against  a  host  of  foreign  competitors,  were  not 
modified  in  the  course  of-  time.  It  should  also  be  remem- 
bered that  many  characters  lie  latent  in  all  organic  beings, 
ready  to  be  evolved  under  fitting  conditions ;  and  in  breeds 
itLodi6ed  within  recent  times,  the  tendency  to  reversion*  is 
particularly  strong.  But  the  antiquity  of  some  of  our  breeds 
clearly  proves  that  they  remain  nearly  constant  as  long  as 
their  conditions  of  life  remain  the  same.  '  ■  '  * 
-  It  has  been  boldly  maintained  by  some  authors  that  the 
amount  of  variation  to  which  oiir  domestic  productions  are 
liable  is  strictly  limited;  but  this  is  an  assertion  resting  on 
little  evidence.  Whether  or  not  the  amount  of  change  in 
any  particular  direction  is  limited,  the  tendency  to  general 
variability  is,  as  far  as  we  can  jud^e,  unlimited.  Oatt'e, 
sheep,  ftnd  pigs  have  varied  under  domestication  from  the 
remotest  period,  as  shown  by  the  researches  of  Biitimeyer 
and  others;  yet  these  animals  have  been  improved  to  an 
unparalleled  degree,  within  quite  recent  times,  and  this 
implies  continued  variability  of  structure.  Wheat,  as  we 
know  from  the  remains  found  in  the  Swiss  lake-dwellings, 

*  *  Journal  Proc  Linn.  Soc,'  1858,  toI.  Hi.  p.  60. 
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18  one  of  the  most  anciently^  oaltivated  plants,  yet  at  the 
present  day  now  and  better  yarieties  frequently  arise.  Tt 
may  be  that  an  ox  will  never,  be  produoed  of  larger  size  and 
finer  proportions,  or  a  raoehorse  fleeter,  than  onr  present 
animals,  or  a  gooseberry  larger  than  the  London  variety; 
but  he  would  be  a  bold  man  who  would  assert  that  the 
extreme  limit  in  these  respects  has  been  finally  attained. 
With  flowers  and  fruit  it  has  repeatedly  been  asserted  that 
perfection  has  been  reached,  but  the  standard  has  soon  been 
excelled.  A  breed  of  pigeons  may  never  be  produoed  with  a 
beak  shorter  than  that  of  the  present  short-faoed  tumbler,  or 
with  one  longer  than  that  of  the  English  carrier,  for  these 
birds  have  weak  constitutions  and  are  bad  breeders ;  but  short- 
ness and  length  of  beak  are  the  points  which  have  been 
steadily  improved  during  the  last  150  years,  and  some  of 
the  best  judges  deny  that  the  goal  has  yet  been  reached. 
Prom  reasons  which  could  be  assigned,  it  is  probable  that 
parts  which  have  now  reached  their  maximum  development, 
might,  after  remaining  constant  during  a  long  period,  vary 
again  in  the  direction  of  increase  under  new  conditions  of 
life.  But  there  must  be,  as  Mr.  Wallace  has  remarked  with 
much  truth,*  a  limit  to  change  in  certain  directions  both 
with  natural  and  domestio  productions;  for  instance,  there 
must  be  a  limit  to  the  fleetness  of  any  terrestrial  animal, 
as  this  will  be  determined  by  the  fi'iction  to  be  overcome, 
the  weight  to  be  carried,  and  the  power  of  contraction  in  the 
muscular  fibres.  The  English  racehorse  may  have  reached 
this  limit ;  but  it  already  surpasses  in  fleetness  its  own  wild 
progenitor  and  all  other  equine  species.  The  short-faoed 
tumbler-pigeon  has  a  beak  shorter,  and  the  carrier  a  beak 
longer,  relatively  to  the  size  of  their  bodies,  than  that  of  any 
natural  species  of  the  family.  Our  apples,  pears  and  goose- 
berries bear  larger  fruit  than  those  of  any  natural  species 
of  the  same  genera ;  and  so  in  many  other  cases. 

It  is  not  surprising,  seeing  the  great  difference  between 
many  domestio  breeds,  that  some  few  naturalists  have  oon- 
sluded  that  each  is  descended  from  a  distinct  aboriginal  stock, 
more  especially  as  the  principle  of  selection  has  been  ignored, 

*  <The  Quiirier!y  Journal  of  Science/  Oct.  1867,  p.  486. 
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and  the  high  antiquity  of  man,  as  a  breeder  of  animals,  has 
only  recently  beoome  known.  Most  naturalists,  however, 
freely  admit  that  onr  Tarious  breeds,  however  dissimilar, 
are  descended  from  a  single  stock,  although  they  do  not 
know  much  about  the  art  of  breeding,  cannot  show  the 
connecting  links,  nor  say  where  and' when  the  breeds  arose. 
Yet  those  same  naturalists  declare,  with  an  air  of  philo* 
Bophical  caution,  that  they  will  never  admit  that  one  natural 
species  has  given  birth  to  another  until  they  behold  all  the 
transitional  steps.  Fanders  use  exactly  the  same  langpiage 
with  respect  to  domestic  breeds ;  thus,  an  author  of  an  excellent 
treatise  on  pigeons  says  he  will  never  allow  that  the  carrier 
and  fantail  are  the  descendants  of  the  wild  rook-pigeon, 
until  the  transitions  have  "  actually  been  observed,  and  can 
**  be  repeated  whenever  man  chooses  to  set  about  the  task." 
No  doubt  it  is  difficult  to  realise  that  slight  changes  added 
up  during  long  centuries  can  produce  such  great  results; 
but  he  who  wishes  to  understand  the  origin  of  domestic  breeds 
or  of  natural  species  must  overcome  this  difficulty. 

The  causes  which  excite  and  the  laws  which  govern  varia- 
bility have  been  discussed  so  lately,  that  I  need  here  only 
enumerate  the  leading  points.  As  domesticated  organisms  are 
much  more  liable  to  slight  deviations  of  structure  and  to  mon- 
strosities than  species  living  under  their  natural  conditions, 
and  tts  widely-ranging  species  generally  vary  more  than  those 
which  inhabit  restricted  areas,  we  may  infer  that  variability 
mainly  depends  on  changed  conditions  of  life.  We  must  not 
overlook  the  effects  of  the  unequal  combination  of  the  charac- 
ters derived  from  both  parents,  or  reversion  to  former  pro- 
genitors. Changed  conditions  have  an  especial  tendency  to 
render  the  reproductive  organs  more  or  less  impotent,  as 
shown  in  the  chapter  devoted  to  this  subject;  and  these 
organs  consequently  often  fail  to  transmit  faithfully  the 
parental  characters.  Changed  conditions  also  act  directly 
and  definitely  on  the  organisation,  so  that  all  or  nearly  all 
the  individuals  of  the  eame  species  thus  exposed  beoome 
modified  in  the  same  manner ;  but  why  this  or  that  part  is 
especially  affected  we  can  seldom  or  ever  say.  In  most 
oases,  however,  a  change  in  the  conditions  seems  to  aot 
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indefinitely,  caufiing  diversified  variationB  in  nearly  the 
same  manner  as  exposure  to  oold  or  the  absorption  of  the 
same  poison  affects  different  individuals  in  different  ways. 
We  have  reason  to  snspect  that  an  habitual  exoess  of  highly- 
nutritious  food,  or  an  excess  relatively  to  the  wear  and  tear 
of  the  organisation  from  ezerdse,  is  a  powerful  exciting  cause 
of  variability.  *  When  we  see  the  symmetrical  and  complex 
outgrowths,  caused  by  a  minute  drop  of  the  poison  of  a  gall- 
insect,  we  may  believe  that  slight  changes  in  the  chemical 
nature  of  the  sap  or  blood  would  lead  to  extraordinary  modi 
fications  of  structure. 

I'he  increased  use  of  a  muscle  with  its  various  attached 
parts,  and  the  increased  activity  of  a  gland  or  other  organ, 
load  to  their  increased  development.  Disuse  has  a  contrary 
effect.  With  domesticated  productions,  although  their  organs 
sometimes  become  rudimentary  through  abortion,  we  have  no 
reason  to  suppose  that  this  has  ever  followed  solely  from 
disuse.  With  natural  species,  on  the  contrary,  many  organs 
appear  to  have  been  rendered  rudimentary  through  disuse, 
aided  by  the  principle  of  the  economy  of  growth  together 
with  intercrossing.  Complete  abortion  can  be  accounted  for 
only  by  the  hypothesis  given  in  the  last  chapter,  namely,  the 
final  destruction  of  the  germs  or  gemmules  of  useless  parts. 
This  difference  between  species  and  domestic  varieties  may 
be  partly  accounted  for  by  disuse  having  acted  on  the 
latter  for'  an  insufficient  length  of  time,  and  jxirtly  from 
their  exemption  from  any  severe  struggle  for  existence 
entailing  rigid  economy  in  the  development  of  each  part,  to 
which  all  species  tinder  nature  are  subjected.  Nevertheless 
the  law  of  compensation  or  balancement,  which  likewise 
depends  on  the  economy  of  growth,  apparently  has  affected 
to  a  certain  extent  our  domesticated  productions. 

As  almost  every  part  of  the  organisation  becomes  highly 
variable  under  domestication,  and  as  variations  are  easily 
selected  both  consciously  and  unconsciously,  it  is  very  diffi- 
cult to  distinguish  between  the  effects  of  the  selection  of 
indefinite  variations  and  the  direct  action  of  the  conditions 
of  life.  For  instance,  it  is  possible  that  the  feet  of  our  water- 
dogs  and  of  the  American  dogs  which  have  to  travel  much 
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over  the  snow,  may  liave  become  partially  webbed  from  the 
Btimulns  of  widely  extending  their  toes;  but  it  is  more  pro- 
bable that  the  webbing,  like  the  membrane  between  the  toen 
of  oertain  pigeons,  spontaneously  appeared  and  was  afterwards 
inoreased  by  the  best  swimmers  and  the  best  snow-travellers 
being  prosorved  during  many  generations.  A  fancier  who 
wished  to  decrease  the  size  of  his  bantams  or  tumbler-pigeons 
would  never  think  of  starving  them,  but  would  select  the 
smallest  individuals  which  spontaneously  appeared.  Quad- 
rupeds are  sometimes  bom '  destitute  of  hair  and  hairless 
breeds  have  been  formed,  but  there  is  no  reason  to  believe 
that  this  is  caused  by  a  hot  climate.  Within  the  tropics  heat 
often  causes  sheep  to  lose  their  fleeces ;  on  the  other  hand, 
wet  and  cold  act  as  a  direct  stimulus  to  the  growth  of  hair ; 
but  who  will  pretend  to  decide  how  far  the  thick  fur  of  arctic 
animals,  or  their  white  colour,  is  due  to  the  direct  action  of 
a  severe  climate,  and  how  far  to  the  preservation  of  the  best- 
protected  individuals  during  a  long  succession  of  genera^ 
tions?  •        V  ...  r  .' 

Of  all  the  laws  governing  variability,  that  of  correlation*  is 
one  of  the  most  important.  In  many  cases  of  slight  deviations 
of  structure  as  well  as  of  grave  monstrosities,  we  cannot  even 
conjecture  what  is  the  nature  of  the  bond  of  connexion.  But  * 
between  homologous  parts — ^between  the  fore  and  Kind  limbs 
—between  the  hair,  hoofs,  horns,  and  teeth — which  are  closely 
similar  during  their  early  development  and  which  are  exposed 
to  similar  conditions,  we  can  see  that  they  would  be  eminently 
liable  to  be  modified  in  the  same  manner.  Homologous  parts, 
from  having  the  same  nature,  are  apt  to  blend  together,  and, 
when  many  exist,  to  vary  in  number: 

Although  every  variation  is  either  directly  or  indirectly 
caused  by  some  change  in' the  surrounding  conditions,  we 
must  never  forget  that  the  nature  of  the  organisation  which 
is  acted  on,  is  by  far  the  more  important  factor  in  the  result. 
We  see  this  in  different  organisms,  which  when  placed  under 
similar  conditions  vary  in  a  different  manner,  whilst  closely- 
allied  organisms  under  dissimilar  conditions  often  vary  in 
nearly  the  same  manner.  We  see  this,  in  the  same  modifica- 
tion frequently  reappearing  in  the  same  variety  at  long 
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intervals  of  time,  and  likewise  in  tHe  seYeral  striking  oases 
given  of  analogous  or  parallel  variations.  Although  some 
of  these  latter  cases  are  due  to  reversion,  others  cannot  thus 
be  accounted  for. 

Fi'om  the  indirect  action  of  changed  conditions  on  tho 
organisation,  owing  to  the  reproductive  organs  being  thus 
affected — from  the  direct  action  of  such  conditions,  and  those 
will  cause  the  individuals  of  the  same  species  either  to  vary 
in  the  same  manner,  or  differently  in  accordance  with  slight 
differences  in  their  constitution — from  the  effects  of  the  in- 
creased or  decreased  use  of  parts — and  from  correlation, — 
the  variability  of  our  domesticated  productions  is  complicated 
to  an  extreme  degree.  The  whole  organisation  becomes 
slightly  plastic  Although  each  modification  must  have  its 
own  exciting  cause,  and  though  each  is  subjected  to  law, 
yet  we  can  so  rarely  trace  the  precise  relation  between  cause 
and  effect,  that  we  are  tempted  to  speak  of  variations  as  if 
they  arose  spontaneously.  We  may  even  call  thorn  accidental, 
but  this  must  be  only  in  the  sense  in  which  we  say  that 
a  fragment  of  rock  dropped  from  a  height  owes  its  shape  to 
accident. 

It  may  be  worth  while  briefly  to  consider  the  result  of  the 
exposure  to  unnatural  conditions  of  a  large  number  of  animals 
of  the  same  species  and  allowed  to  cross  froely  with  no 
selection  of  any  kind,  and  afterwards  to  consider  the  result 
when  selection  is  brought  into  play.  Let  us  suppose  that 
500  wild  rock-pigeons  were  confined  in  their  native  land  in 
an  aviaiy  and  fed  in  the  same  manner  as  pigeons  usually 
aie ;  and  that  they  were  not  allowed  to  increase  in  number. 
As  pigeons  propagate  so  rapidly,  I  suppose  that  a  thousand 
or  fifteen  hundred  birds  would  have  to  be  annually  killed. 
After  several  generations  had  been  thus  reared,  we  may 
feel  sure  that  some  of  the  young  birds  would  vary,  and 
the  variations  would  tend  to  be  inherited;  for  at  the 
present  day  slight  deviations  of  structure  often  occur  and 
are  inherited.  It  would  be  tedious  even  to  enumerate  the 
multitude  of  points  which  still  go  on  varying  or  have 
recently  varied.     Many  variations  would  occur  in  oorrela- 
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tion  with  one  another,  as  the  length  of  the  wing  and 
tail  feathers — ^the  number  of  the  primary  wing-feathers,  as 
well  as  the  nnmber  and  breadth  of  the  ribs,  in  oorreUtion 
with  the  size  and  form  of  the  body — the  nnmber  of  the 
soutellfe  with  the  size  of  the  feet— the  length  of  the  tongue 
with  the  length  of  the  beak — the  size  of  the  nostrils  and 
eyelids  and  the  form  of  lower  jaw  in  correlation  with  the 
development  of  wattle — ^the  nakedness  of  the  young  with  the 
future  colour  of  the  plumage — the  size  of  the  feet  with  that 
of  the  beak,  and  other  such  points.  Lastly,  as  our  birds  are 
supposed  to  be  confined  in  an  aviary,  they  would  use  their 
wings  and  legs  but  little,  and  certain  parts,  of  the  skeleton, 
such  as  the  sternum,  scapulce  and  feet,  would  in  consequence 
become  slightly  reduced  in  size. 

As  in  our  assumed  case  many  birds  have  to  be  indiscrimi- 
\uktely  killed  every  year,  the  chances  are  against  any  new 
variety  surviving  long  enough  to  breed.  And  as  tlie  varia- 
tions which  arise  are  of  an  extremely  diversified  nature,  the 
chances  are  very  great  against  two  birds  pairing  which  have 
varied  in  the  same  manner;  nevertheless,  a  varying  bird 
even  when  not  thus  paired  would  occasionally  transmit  its 
character  to  its  young ;  and  these  would  not  only  be  exposed 
to  the  same  conditions  which  first  caused  the  variation  in 
question  to  appear,  but  would  in  addition  inheiit  from  their 
modified  parent  a  tendency  again  to  vary  in  the  same  manner. 
So  that,  if  the  conditions  decidedly  tended  to  induce  some 
particular  variation,  all  the  birds  might  in  the  course  of  time 
become  similarly  modified.  But  a  far  commoner  result  would 
be,  that  one  bird  would  vary  in  one  way  and  another  bird  in 
another  way ;  one  would  be  bom  with  a  beak  a  little  longer, 
and  another  with  a  shorter  beak ;  one  would  gain  some  black 
feathers,  another  some  white  or  red  feathers.  And  as  these 
birds  would  be  continually  intensrossing,  the  final  result  would 
bo  a  body  of  individuals  differing  from  each  other  in  many 
ways,  but  only  slightly;  yet  more  than  did  the  original  rock- 
pigeons.  But  there  would  not  be  the  least  tendency  towards 
the  formation  of  several  distinct  breeds. 

If  two  separate  lots  of  pigeons  were  treated  in  the  manner 
just  described,  one  in  England  and  the  other  in  a  tropical 
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oonntry,  the  two  lots  being  supplied  with,  different  kinds  of 
food) .would  they  after,  manj  generations  differ?  When  we 
ireflect  on. the  oases  g^ven  in; the  twenty-third  chapter,  and 
on ,  such  facts  as .  the  difference  in  former  times  between  the 
breeds  of  cattle,  .sheep,  dsc.,  in  almost  every  district  of  Europe, 
we  are  strongly  inclined  tp. admit. that  the  two  lots  would  be 
differently  modified  through  the  influence  of  climate  and  food. 
Hut  .the  evidence  on  the  definite  action  of  changed  conditions 
is  in  most  cases  insufficient;  and,  with  respect  to  pigeons,  I 
have  had  the  opportunity  of  examining  a  large  collection  of 
domesticated  kinds,  sent  to  me  by  Sir  W.  Elliot  from  India, 
and  they  varied  in  a  remarkably  similar  mani^er  with  our 
European  birds. 

If  two  distinct  breeds  were  mingled  together  in  equal 
numbers,  there,  is  reason  to  suspect  that  they  would  to  a 
certain  extent  prefer  pairing  .with  their  own  kind ;  but  ,they 
would  often  intercross.  From  the  greater  vigour  and  .fertility 
of  the  crossed  offspring,  the  whole  body  would  by  this  means 
be<}ome  interblended  sooner  than  would  othervnse  have  oo- 
curred.  From  certain  breeds  being  prepotent  over  others,  it 
does  not  follow  that  the  interblended  progeny  would  be  strictly 
intermediate  in,  character.  I  have,  also,  proved  that  the  act 
of  pressing  in.itself  g^ves  a  strong  tendency  to  reversion,  so 
that,  the  crossed  ofibpring  would  tend  to  revert  to  the  state 
of  the  aboriginal  .rook-pigeon ;  and  in  the  course  of  time  they 
would,  probably  be  not  much  more  heterogeneous  in  character 
than  in  our  first  case,  when  birds  of  the  same  breed  were 
confined  together. 

.  I  have  just  said  that  the  crossed  offspring  would  gain  in 
vigour  and  fertility.  .  From  the.  facts  given  in  the  seventeenth 
chapter  there  can  be  no  doubt. of  this  fact;  and  there  can  be 
little  doubt,  though  the  evidence  on  this  head  is  not  so  easily 
acquired,  that  long-continued  dose  interbreeding  leads  to  evil 
results.  With  hermaphrodites  of  all  kinds,  if  the  sexual  ele- 
ments of  the  same  individual  habitually  acted  on  each  other, 
the  closest  possible  interbreeding  would  be  perpetual.  But 
wo  should  bear  in  mind  that, the  structure  of  all  herma- 
phrodite animals,  as  far  as  I  can  learn,  permits  and  fre- 
quently necessitates  a  cross  with  a  distinct  individual.    With 
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hormaphrodite  plants  we  inoessantly  meet  with  elaborate  and 
perfect  contrivances  for  this  same  end.  It  is  no  exagge* 
ration  to  assert  that,  if  the  use  of  the  talons  and  tusks  of  a 
carnivorous  animal,  or  of  the  plumes  and  hooks  on  a  seed,  may 
be  safely  inferred  from  their  structure,  we  may  with  equal 
safety  infer  that  many  flowers  are  constructed  for  the  express 
purpose  of  ensuring  a  cross  with  a  distinct  plant.,  From 
these  various  considerations,  not  to  mention  the  result  of  a 
long  series  of  experiments  which  I  have  tried,  the  conclusion 
arrived  at  in  the  chapter  just  referred  to — namely,  that  great 
good  of  some  kind  is  derived  from  the  sexual  concourse  of 
distinct  individuals-rmust  be  admitted. 

'J*o  return  to  our  illustration :  we  have  hitherto  assumed 
that  the  birds  were  kept  down  to  the  same  number  by  indis* 
criminate  slaughter ;  but  if  the  least  choice  be  permitted  in 
their  preservation,  the  whole  result  will  be  changed.  Should 
the  owner  observe  any  slight  variation  in  one  of  his  birds, 
and  wish  to  obtain  a  breed  thus  characterised,  he  would  succeed 
in  a  surprisingly  short  time  by  careful  selection.  As  any 
part  which  has  once  varied  generally  goes  on  varying  in  the 
same  direction,  it  is  easy,  by  continually  preserving  the  most 
strongly  marked  individuals,  to  increase  the  amount  of  differ- 
ence up  to  a  high,  predetermined ,  standard  of  excellence. 
This  is  methodical  selection.  , 

If  the  owner  of  the  aviary,  without  any  thought  of  making 
a  new  breed,  simply  admired,  for  instance,  shert-beaked  more 
than  long-beaked  birds,  he  would,  when  he  had  to  reduce  the 
number,  generally  kill  the  latter ;  and  there  can  be  no  doubt 
that  he  would  thus  in  the  course  of  time  sensibly  modify  his 
stock.  It  is  improbable,  if  two  men  were  to  keep  pigeons 
and  act  in  this  manner,  that  they  -v^ould  prefer  exactly  the 
same  characters;  they  would,  as  we  know,  often  prefer 
directly  opposite  characters,  and  the  two  lots  would  ulti- 
mately come  to  differ.  This  has  actually  occurred  s  with 
strains  or  families  of  cattle,  sheep,  and  pigeons,  which  have 
been  long  kept  and  carefully  attended  to  by  different  breedero,' 
without  any  wish  on  their  part  to  form  new  and  distinct  sub- 
breeds.  This  unconscious  kind  of  selection  will  more  espe- 
eially  oome  into  action  with  animals  which  are  highly  service- 


420  OONOLUDINQ  BEHABKa  Ohap.  XXYIIL 

able  to  man ;  for  every  one  tries  to  get  the  best  dogs,  horses, 
oowB,  or  sheep,  without  thinking  about  their  future  progeny, 
yet  these  animals  would  transmit  more  or  less  surely  their 
good  qualities  to  their  ofiispring.  Nor  is  any  one  so  careless 
as  to  breed  from  his  worst  animals.  Even  savages,  when 
oompelled  from  e:ttreme  want  to  kill  some  of  their  animals, 
would  destroy  the  worst  and  preserve  the  best.  With  ani- 
mals kept  for  use  and  not  for  mere  amusement,  different 
fashions  prevail  in  different  districts,  loading  to  ihe  preserva- 
tion, and  oonsequontly  to  the  transmission,  of  all  sorts  of 
trifling  peculiarities  of  character.  The  same  process  will 
have  been  pursued  with  our  fruit-trees  and  vegetables,  for 
the  best  will  always  have  been  the  most  largely  cultivated, 
and  will  occasionally  have  yielded  seedlings  better  than  their 
parents. 

The  different  strains,  just  alluded  to,  which  have  been 
actually  produced  by  breeders  without  any  wish  on  their 
part  to  obtain  such  a  result,  afford  excellent  evidence  of  the 
power  of  unconscious  selection.  This  form  of  selection  has 
probably  led  to  far  more  important  results  than  methodical 
selection,  and  is  likewise  more  important  under  a  theoretical 
point  of  view  from  closely  resembling  natural  selection.  For 
during  this  prooess  the  best  or  most  valued  individuals  are 
not  separated  and  prevented  from  crossing  with  others  of  the 
same  breed,  but  are  simply  preferred  and  preserved ;  jei  this 
inevitably  leads  to  their  gradual  modification  and  improve- 
ment ;  so  that  finally  they  prevail,  to  the  exclusion  of  the  old 
parent-form. 

With  our  domesticated  animals  natural  selection  checks 
the  production  of  races  with  any  injurious  deviation  of  struc- 
ture. In  the  case  of  animals  which,  from  being  kept  by 
savages  or  semi-civilised  people,  have  to  provide  largely  for 
their  own  wants  under  different  circumstances,  natural  seloc- 
tion  will  have  played  a  more  important  part.  Hence  it 
probably  is  that  they  often  closely  resemble  natural  species. 

As  there  is  no  limit  to  man's  desire  to  possess  animals  and 
plants  more  and  more  useful  in  any  respect,  and  as  the  fancier 
always  wishes,  owing  to  fashions  running  into  extremes,  to 
produce  each  character  more  and  more  Rtntngly  pi'onounced. 
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there  is,  through  the  prolonged  action  of  methodical  and 
onoonacions  selection,  a  constant  tendency  in  eyery  breed  to 
become  more  and  more  different  from  its  parent-stock ;  and 
when  several  breeds  have  been  produced  and  are  valued  for 
different  qualities,  to  differ  more  and  more  from  each  other. 
This  leads  to  Divergence  of  Character.  As  improved  sub* 
varieties  and  races  are  slowly  formed,  the  older  and  less 
improved  breeds  are  neglected  and  decrease  in  number.  When 
few  individuals  of  any  breed  exist  within  the  same  locality, 
close  interbreeding,  by  lessening  their  vigour  and  fertility, 
aids  in  their  final  extinction.  Thus  the  intermediate  links 
are  lost,  and  the  remaining  breeds  gain  in  Distinctness  of 
Character. 

In  the  chapters  on  the  Pigeon,  it  was  proved  by  historical 
evidence  and  by  the  existence  of  connecting  sub-varieties  in 
distant  lands  that  several  breeds  have  steadily  diverged  in 
character,  and  that  many  old  and  intermediate  sub-breeds 
have  been  lost.  Other  cases  could  be  adduced  of  the  extinc- 
tion of  domestic  breeds,  as  of  the  Irish  wolf-dog,  the  old 
English  hound,  and  of  two  breeds,  in  France,  one  of  which 
was  formerly  highly  yalued.^  Mr.  Pickering  remarks  *  that 
'*  the  sheep  figured  on  the  most  ancient  Egyptian  monuments 
"  is  unknown  at  the  present  day ;  and  at  least  one  variety  of 
^  the  bullock,  formerly  known  in  Egypt,  has  in  like  manner 
"  become  extinct."  So  it  has  been  with  some  animals  and 
with  several  plants  cultivated  by  the  aneient  inhabitants  of 
Europe  during  the  neolithic  period.  In  Peru,  Von  Tsohudi  * 
found  in  certain  tombs,  apparently  prior  to  the  dynasty  of  the 
Incas,  two  kinds  of  maize  not  now  known  in  the  coimtry. 
With  our  flowers  and  culinary  vegetables,  the  production  of 
new  varieties  and  their  extinction  has  incessantly  recurred. 
At  the  present  time  improved  breeds  sometimes  displace  older 
breeds  at  an  extraordinarily  rapid  rate ;  as  has  recently  occurred 
throughout  England  with  pigs.  The  Long-horn  cattle  in 
their  native  home  were  "  suddenly  swept  away  as  if  by  some 
**  murderous  pestilence,"  by  the  introduction  of  Short-horns.^ 

*  M.  Rafz  de  LaTison,  in  *  Doll.  Soc      p.  177. 

Imp.  d'AoeliiiMt,'D€c  1862,  p.  1009.  '  Tooatt  on  Cattle,  1834,  p.  20a 

'  « RaoM  of  Man,'  1850,  p.  815.  On  Pigs,  9$$  *  Qard.  ChronielV  185^ 

*  'TraTala  in  Pern,'  Eng.  Translat,      p.  410. 
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Wlukt  grand  results  haye  followed  from  the  long-oontinued 
aotion  of  metHodioal  and  nnoonsoioiis  selection,  regulated  to  a 
certain  extent  by  natural  selection,  we  see  on  eveiy  side  of  us. 
Compare  the  many  animals  and  plants  which  are  displayed  at 
our  exhibitions  with  their  parent-forms  when  these  are  known, 
or  consult  old  historical  records  with  respect  to  their  former 
state.  Most  of  our  domesticated  animals  have  given  rise  to 
numerous  and  distinct  races,  but  those  which  cannot  bo  easily 
subjected  to  selection  must  be  excepted— such  as  cats,  the 
cochineal  insect,  and  the  hive-bee.  In  aocordanco  with  what 
we  know  of  the  process  of  selection,  the  formation  of  our 
many  races  has  been  slow  and  gradual.  The  man  who  first 
observed  and  preserved  a  pigeon  with  its  oesophagus  a  little 
enlarged,  its  beak  a  little  longer,  or  its  tail  a  little  more 
expanded  than  usual,  never  dreamed  that  he  had  made  the 
first  step  in  the  creation  of  a  pouter^  carrier,  and  fantail- 
pigeon.  Man  can  create  not  only  anomalous  breeds,  but 
others  having  their  whole  structure  admirably  co-ordinated 
for  certain  purposes,  such  as  the  race-horse  and  dray-horse,  or 
the  greyhound  and  bulldog.  It  is  by  no  means  necessary 
that  each  small  change  of  structure  throughout  the  body, 
leading  towards  excellence,  should  simultaneously  arise  and 
be  selected.  -Although  man  seldom  attends  to  differences  in 
organs  which  are  important  under  a  physiological  point  of 
view,  yet  he  has  so  profoundly  modified  some  breeds,  that 
asuredly,  if  found«wild,  they  would  bo  ranked  as  distinct 
.  genera. 

The  best  proof  of  what  selection  has  effected  is  perhaps 
afforded  by  the  fact  that  whatever  part  or  quality  in  any 
animal,  and  more  especially  in  any  plant,  is  most  valued  by 
man,  that  part  or  quality  differs  most  in  the  several  races. 
This  result  is  well  seen  by  comparing  the  amount  of  difference 
between  the  fruits  produced  by  the  several  varieties  of  fniit- 
trees,  between  the  flowers  of  our  flower-garden  plants,  between 
the  seeds,  roots,  or  leaves  of  our  culinary  and  agricultural 
plants,  in  comparison  with  the  other  and  not  valued  parts  of 
the  same  varieties.  Striking  evidence  of  a  different  kind  is 
afforded  by  the  fact  ascertained  by  Oswald  Heer,*  namely, 
that  the  seeds  of  a  large  number  of  plants, — wheat,  barley, 

■  <  Pie  PflanzAii  der  Pfahlbauten/  1865. 
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oats,  peas,  beans,  lentils,  poppies, — ctQtivated  for  their  seed 
bj  the  ancient  Lake-inhabitants  of  Switzerland,  were  all 
smaller  than  the  seeds  of  our  existing  varieties.  Rfitimejer 
has  shown  that  the  sheep  and  oattle  which  were' kept  by  the 
earlier  Lake-inhabitants  were  likewise  smaller  than  our 
present  breeds.  Li  the  middens  of  Denmark,  the  earliest  dog 
of  which  the  remains  have  been  found  was  the  weakest;  this 
was  Buooeeded  during  the  Bronze  age  by  a  stronger  kind,  and 
this  again  during  the  Iron  age  by  one  still  stronger.  The 
sheep  of  Denmark  daring  the  Bronze  period  had  extra- 
ordinarily slender  limbs,  and  the  horse  was  smaller  than  our 
present  animaL'  No  doubt  in  most  of  these  cases  the  new 
and  larger  breeds  wore  introduced  from  foreign  lands  by  the 
immigration  of  new  hordes  of  men.  But  it  is  not  probable  that 
each  larger  breed,  which  in  the  course  of  time  has  supplanted 
a  previous  and  smaller  breed,  was  the  descendant  of  a  distinct 
and  larger  species ;  it  is  far  more  probable  that  the  domestic 
races  of  our  various  animals  wore  gradually  improved  in 
different  parts  of  the  great  Europado- Asiatic  continent,  and 
thence  spread  to  other  countries.  This  fact  of  the  gradual 
increase  in  size  of  our  xLomestic  animals  is  all  the  mora 
striking  as  certain  wild  or  half-wild  animals,  such  as  red- 
deer,  aurochs,  park-cattle,  and  boars,^^  have  within  nearly  the 
same  period  decreased  in  size. 

The  conditions  favourable  to  selection  by  man  are, — the 
closest  attention  to  every  character,— long-continued  per- 
severance,— facility  in  matching  or  separating  animals, — and' 
especially  a  large  number  being  kept,  4so  that  the  inferior 
individuals  may  be  freely  rejected  or  destroyed,  and  the  better 
ones  preserved.  When  many  are  kept  there  will  also  be  a 
greater  chance  of  the  occurrence  of  well-marked  deviations  of 
btructuTo.  Length  of  time  is  all-important ;  for  as  each  cha- 
racter, in  order  to  become  strongly  pronounced,  has  to  be 
augumented  by  the  selection  of  successive  variations  of  the 
same  kind,  this  can  be  effected  only  during  a  long  series  of 
generations.  Length  of  time  will,  also,  allow  any  new 
feature  to  become  fixed  by  the  continued  rejection  of  those 

•  Morlot,  'Soc  Vand.  des  Soien.  >*  Riltimeyer,    <Di6     Fauna    der 

Nat*  Man,  1860,  p.  298.  PfahlUaten,'  1861,  g.  30. 
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individualfl  which  revert  or  vary,  and  by  the  preservation  of 
those  whioh  still  inherit  the  new  character.  Hence,  although 
some  few  animals  have  varied* rapidly  in  certain  respects 
onder  new  conditions  of  life,  as  dogs  in  India  and  sheep  in 
the  West  Indies,  yet  all  the  animals  and  plants  which  have 
produced  strongly  marked  races  were  >  domesticated  at  an 
extremely  remote  epoch,  often  before  the  dawn  of  history.  As 
a  consequence  of  this,  no  reoord  has  been  preserved  of  the 
origin  of  our  chief  domestic  breeds.  Even  at  the  present  day 
new  strains  or  sub-breeds  are  formed  so  slowly  that  their  first 
appearance  passes  unnoticed.  A  man  attends  to  some  par- 
ticular character,  or  merely  matches  his  animals  with  unusual 
care,  and  after  a  time  a  slight  difference  is  perceived  by  his 
neighbours ; — the  difference  goes  on  being  augmented  by  un- 
conscious and  methodical  selection,  until  at  last  a  new  sub- 
breed  is  formed,  receives  a  local  name,  and  spreads ;  but  by 
this  time  its  history  is  almost  forgotten.  When  the  new 
brood  has  sf^road  widely,  it  gives  rise  to  now  strains  and^sul)- 
broeds,  and  the  best  of  these  succeed  and  spread,  supplanting 
other  and  older  breeds ;  and  so  always  onwards  in  the  march 
of  improvement. 

When  a  well-marked  breed  has  once  been  established,  if  not 
supplanted  by  still  further  improved  sub-breeds,  and  if  not 
exposed  to  greatly  changed  conditions  of  life  inducing  fHirther 
variability  or  reversion  to  long-lost  characters,  it  may  ap- 
parently last  for  an  enormous  period.  We  may  infer  that  this 
is  the  case  from  the  high  antiquity  of  certain  races ;  but  some 
caution  is  necessary,  on  this  head,  for  the  same  variation  may 
appear  independently  after  long  intervals  of  time,  or  in  distant 
places.  We  may  safely  assume  that  this  has  occurred  with  the 
tumspit^og,  of  which  one  is  figured  on  the  ancient  Egyptian 
monuments— with  the  solid-hoofed  swine ^^  mentioned  by 
Aristotle — with  five-toed  fowls  described  by  Columella — and 
certainly  with  the  nectarine.  The  dogs  roprosontod  on  the 
Egyptian,  monuments,  about  2000  b.c.,  show  us  that  some  of 
the  chief  breeds  then  existed,  but  it  is  extremely  doubtful 
whether  any  are  identically  the  same  with  our  present  breeds. 
A  great  mastiff  sculptured  on  an  Assyrian  tomb,  640  B.a,  is 

"  Godron,  *  De  I'Esp^,'  torn,  i.,  1859,  p.  368. 
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said  to  be  the  same  with  the  dog  still  imported  from  Thibet 
into  the  same  region*  The  true  greyhound  existed  during  the 
Roman  classical  period. .  Ooming  diown  to  a  later  period,  we 
have  seen  that,  though  most  of  the  chief  breeds  of  tiie  pigeon 
existed  between  two  and  three  centories  ago,  they  have  not 
all  retained  exactly  the  same  character  to  the  present  day ; 
but  this  has  occurred  in  certain  cases  in  which  no  improve- 
ment was  desired,  for  instance,  in  the  case  of  the  Spot  and 
Indian  ground-tnmbler. 

De  Candolle  ^'  has  fully  discussed  the  antiquity  of  various 
races  of  plants ;  he  stat.es  that  the  black  seeded  pf^ppy  was 
known  in  the  time  of  Homer,  the  white-seeded  sesamum  by 
the  ancient  Egyptians,  and  almonds  with  sweoif  and  bitt^ 
kernels  by  the  Hebrews ;  but  it  does  not  seem  improbable 
that  some  of  these  varieties  may  have  been  lost  and  reap- 
peared. One  variety  of  barley  and  apparently  one  of  wheat, 
both  of  which  were  cultivated  at  an  immensely  remote  period 
by  the  Lake-inhabitants  of  Switzerland,  still  exist.  It  is 
said  ^^  that  '*  specimens  of  a  small  variety  of  gourd  which  is 
"  still  common  in  the  market  of  Lima  were  exhumed  from  an 
*'  ancient  cemetery  in  Fern."  De  Candolle  remarks  that,  in 
the  books  and  drawings  of  the  sixteenth  century,  the  principal 
races  of  the  cabbage,  turnip,  and  gourd  can  be  recognised : 
this  might  have  been  expected  at  so  late  a  period,  but 
whether  any  of  these  plants  are  absolutely  identical  with 
our  present  sub-varieties  is  not  certain.  It  is,  however,  said 
that  the  Brussels  sprout,  a  variety  which  in  some  places  is 
liable  to  degeneration,  has  remained  genuine  for  more  than 
four  centuries  in  the  distiict  where  it  is  believed  to  have 
originated.^^ 

In  accordance  with  the  views  maintained  by  me  in  this 
work  and  elsewhere,  not  only  the  various  domestic  races,  but 
the  most  distinct  genera  and  orders  within  the  same  great 
class — for  instance,  mammals,  birds,  reptiles,  and  fishes— are 

"  *Gtognphie   Botan.,'  1855,  p.  *^  <  Journal    of    a    Horticultara] 

9S9.  Tour,'  hj  a  Deputotion  of  the  Caioi 

>*  Pickering,    *  Races     of    Man/  donian  Hist.  Soc,  1823,  p.  293. 
1850,  p.  318. 
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all  the  deaoendants  of  one  common  progenitor,  and  we  must 
admit  that  the  whole  vast  amount  of  difference  between 
these  forms  has  primarily  arisen  from  simple  yariability. 
To  consider  the  subject  under  this  point  of  view  is  enough  to 
strike  one  dumb  witii  amazement.  But  our  amazement  ought 
to  be  lessened  when  we  reflect  that  beings  almost  infinite  in 
number,  during  an  almost  infinite  lapse  of  time,  have  often 
had  their  whole  organisation  rendered  in  some  degree 
plastic,  and  that  each  slight  modification  of  structure  which 
was  in  any  way  beneficial  under  excessively  complex  con- 
ditions of  life  has  been  preserved,  whilst  each  which  was  in 
any  way  injurious  has  been  rigorously  destroyed.  And  the 
long-continued  accumulation  of  beneficial  variations  will 
infallibly  have  led  to  structures  as  diversified,  aa  beautifully 
adapted  for  various  purposes  and  as  excellently  co-ordinated, 
as  we  see  in  the  animals  and  plants  around  us.  Hence  I 
have  spoken  of  selection  as  the  paramount  power,  whether 
applied  by  man  to  the  formation  of  domestic  breeds,  or  by 
nature  to  the  production  of  species.  I  may  recur  to  the 
metaphor  given  in  a  former  chapter :  if  an  architect  were 
to  rear  a  noble  and  commodious  edifice,  without  the  use  of  cut 
stone,  by  selecting  from  the  fragments  at  the  base  of  a  preci- 
pice wedge- formed  stones  for  his  arches,  elongated  stones  for 
his  lintels,  and  fiat  stoned  for  his  roof,  we  should  admire  his 
skill  and  regard  him  as  the  paramount  power.  Now,  the 
fragments  of  stone,  though  indispensable  to  the  architect, 
bear  to  the  edifice  built  by  him  the  same  relation  which  the 
fluctuating  variations  of  oiganic  beings  bear  to  the  varied 
and  admirable  structures  ultimately  acquired  by  their  modified 
descendants. 

Some  authors  have  declared  that  natural  selection  explains 
nothing,  unless  the  precise  cause  of  each  slight  individual 
difference  be  made  clear.  If  it  were  explained  to  a  savage 
utterly  ignorant  of  the  art  of  building,  how  the  edifice  had 
been  raised  stone  upon  stone,  and  why  wedge-formed  frag- 
ments were  used  for  the  arches,  flat  stones  for  the  roof,  &o, ;  and 
if  the  use  of  each  part  and  of  the  whole  building  were  pointed 
out,  it  would  be  unreasonable  if  he  declared  that  nothing  had 
been  made  clear  to  him,  because  the  precise  cause  of  the  shape 
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of  each  fragment  oould  not  be  told.  But  this  is  a  nearly 
parallel  case  with  the  objection  that  selection  explains  nothing, 
because  we  know  not  the  cause  of  each  individual  differenoe  in 
the  structure  of  each  being. 

U'he  shape  of  the  fragments  of  stone  at  the  base  of  our  pie- 
oipico  may  be  called  accidental,  but  this  is  not  strictly  correct ; 
for  the  shape  of  each  depends  on  a  long  sequence  of  events,  all 
obeying  natural  laws ;  on  the  nature  of  the  rock,  on  the  lines 
of  deposition  or  cleavage,  on  the  form  of  the  mountain,  which 
depends  on  its  upheaval  and  subsequent  denudation,  and  lastly 
on  the  storm  or  earthquake  which  throws  down  the  fragments. 
But  in  regard  to  the  use  to  which  the  fragments  may  be  put, 
their  shape  may  be  strictly  said  to  be  accidentaL  And  here 
we  are  led  to  face  a  great  difficulty,  in  alluding  to  which  I  am 
aware  that  I  am  travelling  beyond  my  proper  province.  An 
omniscient  Creator  must  have  foreseen  every  consequence 
which  results  from  the  laws  imposed  by  Him«  But  can.it  be 
reasonably  maintained  that  the  Creator  intentionally  ordered, 
if  we  use  the  words  in  any  ordinary  sense,  that  certain  frag- 
ments of  rock  should  assume  certain  shapes  so  that  the  builder 
might  erect  his  edifice  ?  If  the  various  laws  which  have 
determined  the  shape  of  each  fragment  were  not  predeter- 
mined for  the  builder's  sake,  can  it  be  maintained  with  any 
greater  probability  that  He  specially  ordained  for  the  sake  of 
the  breeder  each  of  the  innumerable  variations  in  our  do- 
mestic animals  and  plants ;  —  many  of  these  variations  being 
of  no  service  to  man,  and  not  beneficial,  far  more  often  inju- 
rious, to  the  creatures  themselves  ?  Did  He  ordain  that  the 
crop  and  tail-feathers  of  the  pigeon  should  vary  in  order  that 
the  fancier  might  make  his  grotesque  pouter  and  fantail 
breeds?  Did  He  cause  the  frame  and  mental  qualities  of  the 
dog  to  vary  in  order  that  a  breed  might  be  formed  of  indomi- 
table ferocity,  with  jaws  fitted  to  pin  down  the  bull  for  man's 
brutal  sport?  But  if  we  give  up  the 'principle  in  one  case, — 
if  we  do  not  admit  that  the  variations  of  the  primeval  dog 
were  intentionally  guided  in  order  that  the  greyhound,  for 
instance,  that  perfect  image  of  symmetry  and  vigour,  might 
bo  formed,— no  shadow  of  reason  con  be  assigned  for  tho 
belief  that  variations,  alike  in  nature  and  the  result  of  the 
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Bame  general  laws,  which  liaTe  been  the  groundwork  through 
natural  aelection  of  the  formation  of  the  most  perfectly 
adapted  animaU  in.the.worldy  man  included,  were  inten- 
tiouallj  and  specially  g^ded.  However  much  we  may  wicih 
it,  we  can  hardly  follow  Professor  Asa  Qray  in  his  belief  "  that 
^  variation  has  been  led  along  certain  beneficial  lines/*  like  a 
stream  *'  along,  definite  and  useful  lines  of  irrigation.*'  If  we 
assume  that  each  particular  variation  was  from  the  beginning 
of  all  time  preordained,  then  that  plasticity  of  organisation, 
which  leads  to  many  injurious  deviations  of  structure,  as  well 
as  the  redundant  power  of  reproduction  which  inevitably  leads 
to  a  struggle  for  existence,  and,  as  a  consequence,  to  the 
natural  selection  or  snrvival  of  the  fittest,  must  appear  to  us 
superfluous  laws  of  nature.  On  the  other  hand,  an  omni- 
potent and  omniscient  Greater,  ordains  everythix^g  and  fore- 
sees everything*  Thus  we  are  brought  fkce  to  faob  with 
a  difficulty  as  insoluble  as  is  that  of  free  will  and  predesti- 
nation. 
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Austraua,  no  generally  useful  plants 
derived  from,  L  828;  useful  plants 
of,  enumerated  by  Hooker,  i.  328. 
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AuanuA,  hendity  of  ohanotor  In  em- 
peron  ot,  il.  40. 

AuTBHBiETU,  on  penbtencj  of  colour 
in  hoxMf,  i.  465. 

Aya,  honns  of,  i.  56. 

Avena  fatua^  cultiTabilitj  of,  i.  830. 

'  Atben  Akbeiy,'  pigeons  mentioned  in 
the,  i.  158, 163, 194,  215,  217,  218. 

Ayres,  W.  p.,  on  bnd-Tuifttion  in 
peUrgoniains,  L  403. 

Anaka  AmUoo,  bud-vnrlatlon  in,  t.  402. 

AZAKA,  on  the  feral  doge  of  La  Plata, 
i.  28 ;  on  the  eroaaing  of  domestio 
with  wild  cats  in  Para^aj,  L  47 ; 
on  hornlike  procenea  in  horsei,  L  52 ; 
on  curled  hair  in  horsea,  L  56,  ii. 
189,  818;  on  the  colours  of  feral 
horses,  L  64,  ii.  246 ;  on  the  cattle  of 
Puragnay  and  La  Plata,  L  86, 89,  92, 
ii.  246 ;  on  a  hornless  bull,  it  190, 
on  the  increase  of  cattle  in  South 
America,  iL  98;  on  the  erowth  of 
horns  in  the  hornless  cattle  of  Cor* 
rientes,  iL  13 ;  on  the  «  NiaU  **  cattle, 
L  94 ;  on  naked  quadrupeds,  ii.  268 ; 
on  a  race  of  bbuJc-ekinned  fowls  in 
South  America,  L  243,  iL  194;  on 
a  rariety  of  maiae,  L  339. 

Badinotov,  C.  C,  on  the  origin  of  the 
plum,  L  367 ;  British  species  of  the 
genua  iSosa,  L  390;  distinctness  of 
Fiofti /ii<«a  and  (rJooAr,  L  392. 

Baciimahn,  Mr.,  on  the  turkey,  iL  250. 
806  aiso  Audubon. 

Badobb,  breeding  in  confinement,  ii. 
134. 

'<  BAaADOTTEN-TAUBB,"  L  148. 

Bailt,  Mr.,  on  the  effect  of  selection 
on  fowls,  iL  182 ;  on  Dorking  fowls, 
ii.  224. 

Baibd,  S.,  on  the  origin  of  the  turkey, 
L308. 

Bakeb,  Mr.,  on  heredity  in  the  horse, 
L  455 ;  on  the  degeneration  of  the 
horse  by  neglect,  iL  225 ;  orders  of 
Henrys  VIL  and  Vlli.  for  the 
destruction  of  undersisod  mares,  ii. 
188. 

Bakewell,  change  in  the  sheep  effected 
by,  ii.  182. 

Balahobmbmt,  iL  335, 336 ;  of  growth, 
law  of,  335.  ; 

Baldiikad  (pigeon),  L  158. 


Baldnebb,  in  man,  inherited,  IL  81 0{ 
with  deficiency  in  teeth,  ii.  819, 320. 

Ballaxob,  Mr.,  on  the  effects  of  in- 
terbreeding on  fowls,  Ii.  105;  on 
Tariation  in  the  eggs  of  fowls,  L  261. 

Ballota  nigrOf  transmission  of  rariegatcd 
leares  in,  L  409. 

Bamboo^  yarieties  of  the,  IL  243. 

Bahana,  Tariation  of  the,  L  396,  IL 
243;  bud-Tariatlon  in  the,  L  401; 
sterility  of  the,  iL  256. 

Bantam  fowls,  L  241 ;  Sebright,  origin 
of,  iL  74;  aterility  of;  iL  79. 

Babd  (pigeon),  L  151,  153,  220,  ii. 
212;  figure  of,  L  152;  figure  of 
lower  Jaw  of,  L  173. 

Barbs,  of  wheat,  L  331. 

Babbebbt,  dark  or  red-leaTed  rariety, 
L  385,  462 ;  reversion  in  suckers  of 
aeedless  yariety,  L  410. 

Ba&but,  J.,  on  the  dogs  of  Guinea,  L 
26;  on  the  domestic  pigeons  in 
Guinea,  i.  195;  fowls  not  natiye  in 
Guinea,  i.  249. 

Babkimo,  acquisition  of  the  habit  of, 
by  yarious  dogs,  L  28. 

Bablbt,  wild,  L  330;  of  the  lake- 
dwellings,  L  335-337 ;  ancient  yariety 
of,  IL  425. 

Babmes,  Mr.,  production  of  early  peas 
by  selection,  ii.  185. 

Babnet,  Mr.,  on  the  intercrossing  ot 
strawberries,  L  373 ;  diceciousneas  ot 
the  hautboia  strawberry,  L  375 ;  on 
the  Scarlet  American  strawberry,  iL 
184. 

Babth,  Dr.,  use  of  grass-seeds  as  food 
in  Central  Africa,  L  325. 

Babtlett,  a.  D.,  on  the  origin  of 
"  Himalayan  "  rabbits  by  intercross- 
ing, L  113 ;  on  the  feral  rabbits  of 
Porto  Santo,  L  119;  on  geese  with 
reyersed  feathers  on  the  head  and 
neck,  i.  303 ;  on  the  young  of  the 
black-shouldered  peacock,  L  306 ;  on 
a  yariety  of  the  turkey,  L  309 ;  sixo 
of  hybrids,  iL  112;  on  the  breeding 
of  the  Felida}  in  captivity,  ii.  133; 
so-called  hybrids,  ii.  316. 

Babtbam,  on  the  black  wolf-dog  of 
Florida,  L  23. 

Bates,  H.  W.,  refusal  of  wild  animals 
to  breed  in  captivity,  iL  132,  135; 
sterility  of  American    monkeys    !■ 
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oaptWitj,  iL  136 ;  sterility  of  tamed 
guans,  ii.  139. 

Batraohia,  regeneration  of  lost  parts 
in,  ii.  358. 

BEAon,  raised,  in  Pern,  containing  heads 
of  maise,  i.  338. 

Beak,  rariabilitr  of,  in  'fowls^  1.  271 ; 
individoal  differences  of,  in  pigeons, 
i.  1G8 ;  correlation  of,  with  the  feet 
in  pigeons,  i.  180-184. 

Beale,  Lionel,  on  the  contents  of  cells, 
ii.  872 ;  on  the  mnltiplioation  of  in- 
fectious atoms,  ii.  872. 

Beams,  i.  349 ;  of  Swiss  lake-dwellings, 
i.  337;  rarieties  of,  prod  need  by 
selection,  ii.  203 ;  Frencn  and  scarlet, 
Tariable  resistance  of,  to  frost,  ii. 
299,  305 ;  superiority  of  natire  seed 
of,  ii.  305 ;  a  symmetrical  rariation 
of  scarlet,  iL  349;  experiments  on 
Icidney,  i.  314;  with  monstrous 
stipules  and  abortive  leaflets,  iL 
335. 

Bbabo  pigeon,  i.  158. 

Bears,  breeding  in  captivity,  ii.  134. 

Beaslbt,  J.,  roTersion  in  crossed  cattle, 
ii.  15. 

Bkatoit,  D.,  effect  of  soil  upon  straw- 
berries, L  376  ;  on  Tarietios  of  pelar- 
gonium, L  388,  ii.  263,  301 ;  bud- 
variation  in  QhcUohuoolmliuy  L  407 ; 
cross  between  Scotch  kail  and  cab- 
bage, iL  76 ;  hybrid  gladiolus,  ii.  121 ; 
constant  occurrence  of  new  forms 
among  seedlings,  iL  221;  on  the 
doubling  of  the  Compositss,  ii.  307. 

Bbohuana  cattle,  L  91. 

Beohstein,  on  the  burrowing  of  wolves, 
L  28;  Spits  Dog,  L  32;  origin  of 
the  Newfoundland  dog,  L  44 ;  crossing 
of  domestic  and  wild  swine,  i.  69 ;  on 
the  Jacobin  pigeon,  L  162,  219; 
notice  of  swallow-pigeons,  L  164 ;  on 
a  fork-tailed  pigeon,  L  164;  varia- 
tions in  the  colour  of  the  croup  in 
pigeons,  L  193;  on  the  German  dove- 
cot pigeon,  i.  195  ;  fertility  of  mon- 
grel-pigeons, L  202;  on  hybrid 
turtlcMloves,  i.  203 ;  on  cro:4sing  the 
pigeon  with  Columba  cmos,  O.  pahtm- 
6iM,  ISuiur  ritoria^  and  J*,  tudgaria,  L 
202;  development  of  spurs  in  the 
silk-hen,  L  269 ;  on  Polish  fowls,  L 
209,  276;  on  crested  birds,  L  269; 


on  the  canary-bird,  L  311,  465,  iL 
145 ;  German  superstition  about  the 
turkey,  L  309 ;  occurrence  of  horns 
in  hornless  breeds  of  sheep,  ii.  8; 
hybrids  of  the  horse  and  ass,  IL  43 ; 
crosses  of  tailless  fowls,  IL  70 ;  difli- 
culty  of  pairing  dove-cot  and  fancy 
pigeons,  IL  82:  fertility  of  tame 
ferreU  and  rabbito,  ii.  90;  fertility 
of  wild  sow,  ibid, ;  difficulty  of  breed- 
ing caged  birds,  ii.  137 ;  comparative 
fertility  of  Pstiioctis  sntAoctis  in  cap- 
tivity, iL  138 ;  on  changes  of  plumage 
in  captivity,  iL  141;  liability  of 
light-coloured  cattle  to  the  attacks 
of  flies,  ii.  214 ;  want  of  exercise  a 
cause  of  variability,  ii.  244 ;  effect  of 
privation  of  light  upon  the  plumage 
of  birds,  iL  270 ;  on  a  sub-variety  of 
the  monk-pigeon,  iL  343. 

Bbok,  Mr.,  constitutional  differences  in 
pelargoniums,  L  388. 

Bbokxann,  on  changes  in  the  odours 
of  plants,  iL  264. 

Bbddob,  Dr.,  correlation  of  complexion 
with  consumption,  iL  329. 

Bee,  persistency  of  character  of,  iL 
222,  241;  intercrossing,  ii.  107; 
conveyance  of  pollen  of  peas  by,  L 
848. 

Bee  OruRYB,  self-fertilisation  of,  iL 
69. 

Beeoii,  dark-leaved,  i.  385,  462 ;  fern- 
'  leaved,  reversion  of,  L  408 ;  weeping, 
non-production  of,  by  seed,  i.  462. 

Beeouey,  horses  of  Loochoo  Islands,  I, 
56. 

Beet,  L  344 ;  increase  of  sngar  in,  b| 
selection,  iL  185. 

Begonia  frigitk^  singular  variety  of,  L 
389;  sterility  of,  iL  150. 

Bei/jiam  rabbit,  L  110. 

Bell,  T.,  statement  that  white  cattle 
have  coloured  ears,  i.  89. 

Bell,  W.,  bud-variation  in  ParUbtm 
tricuspis,  L  402. 

Bellinoeri,  observations  on  gestation 
in  the  dog,  L  31 ;  on  the  fertility  ol 
dogs  and  cats,  ii.  90. 

Belon,  on  high-flying  pigeons  in  Pa- 
phlagonia,  L  219;  varieties  of  the 
goose,  L  305. 

Bemoubla,  cattle  of,  L  92. 

Benhett,  Dr.  G.,  pigs  of  the  Pacific 
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Islands,  L  73,  ii.  64;  dogt  of  th« 
PaciBo  Islnods,  UncL;  varieties  of  cul- 
tivated plants  in  Tahiti,  ii.  243. 

Bbnnbtt,  Mr.,  on  the  fallow  deer,  ii. 
81. 

Bbntham,  O.,  number  and  origin  of 
cultivated  plants,  L  323;  on  Phaseo- 
luB,  i.  350;  cereals  all  cultivated 
varieties,  L  830;  species  of  the 
orange  group,  i.  855;  distinctions 
of  almond  and  peach,  t.  958 ;  Bri- 
tish species  of  Aaa,  i.  390;  identity 
of  Viola  htm  and  tricolor,  i.  392. 

Berberi$  vulgaHs,  i.  410,  i.  462. 

Birberis  waUiohii,  indiflerence  of,  to  cli- 
mate, ii.  148. 

Berjeau,  on  the  history  of  the  dog,  i. 
17, 18. 

Bebkblet,  Q.  F.,  production  of  hen- 
cocks  in  a  strain  of  game-fowls,  i. 
2ti5. 

Berkelet,  M.  J.,  crossing  of  varieties 
of  the  pea,  i.  428 ;  effect  of  foreign 
pollen  on  grapes,  i.  430 ;  on  hybrid 
plants,  11.  112;  analogy  between 
pollen  of  highly-cultivated  plants 
and  hybrids,  ii.  256;  on  Hungarian 
kidneyvbeans,  ii.  265 ;  failure  of  In- 
dian wheat  in  England,  ii.  297. 

Bbrnabd,  inheritance  of  disease  in  the 
horse,  i.  455. 

Bbbnabd,  C,  independence  of  the  or- 
gans of  the  body,  ii.  364;  special 
affinities  of  the  tissues,  ii.  375. 

Bbrkhabdi,  varieties  of  plants  with 
laciniated  leaves,  ii.  341. 

Bernioia  mUarcUca,  1.  303. 

Bebtebo,  on  feral  pigeons  in  Juan  Fer- 
nandex,  L  200. 

Betula  atboj  i.  461. 

Bewick,  on  the  British  wild  cattle,  1. 
87, 

BiANOONi,  Prof.,  on  the  skulls  of  dogs, 
i.  35. 

Bible,  reference  to  breeding  studs  of 
horses  in,  i«  57 ;  referenoes  to  dome** 
tic  pigeons  in  the,  i.  214*;  indications 
of  selection  of  sheep  in  the,  ii.  186 ; 
notice  of  mules  in  the,  ibid, 

BiDWSLL,  Mr.,  on  self-impotence  in 
AmarylUtf  ii,  120. 

Bignonia,  self-eterility  of,  ii.  117. 

BiROH,  weeping,  L  413,  461. 

BiBOH,  Dr.  S.,  on  the  ancient  domesti- 


cation of  the  pigeon  In  Egypii  i« 
214;  notice  of  bantam  fowls  in  a 
Japanese  encydopsBdia,  L  241,  259.   - 

BiBOii,  WYBLsr,  on  silver-grey  rabbits, 
L  113, 114. 

Birds,  sterility  caused  in,  by  change  of 
conditions,  IL  136-141. 

Bi«addeb-nut,  tendency  of  the,  to  be- 
come double,  ii.  152. 

Blaihb,  Mr.,  on  wry-legged  terriers, 
ii.  232. 

BLAnrviLLE,  origin  and  history  of  the 
dog,  i.  15-17;  variations  in  the 
number  of  teeth  in  dogs,  L  36; 
variations  in  the  number  of  toes  in 
dogs,  i.  37 ;  on  mummies  of  cats,  i. 
45 ;  on  the  osteology  of  solid-hoofed 
pigs,  L  78 ;  on  feral  Patagonian  and 
K.  American  pigs,  i.  80. 

**  BLAfls-TAUDB,"  i.  16a 

Blbedikg,  hereditary,  t  452;  sexual 
limitation  of  excessive,  ii.  48. 

Blending  of  crossed  races,  time  occu- 
pied by  the,  ii.  64. 

BLiMDNEaB,  hereditary,  I.  454;  at  a 
certain  age,  it  54;  associated  with 
colour  of  hair,  IL  322. 

Bloodhounds,  degeneration  of,  caused 
by  interbreeding,  it  100. 

Blumendaoh,  on  the  protuberance  of 
the  skull  in  PolUh  fowls,  L  269 ;  on 
the  effect  of  circumcision,  i.  467; 
inheritance  of  a  crooked  finger,  i. 
469;  on  badger-dogs  and  other 
varieties  of  the  dog,  it  205;  on 
Ilydroy  ii.  283 ;  on  the  *'nisus  forma- 
tivus,"  il  284. 

Bltth,  Eb,  on  the  pariah  dog,  t  25; 
hybrids  of  dog  and  jackal,  i.  33; 
early  domestication  of  cats  in  India, 
i.  45 ;  origin  of  domestic  cat,  i.  46 ; 
crossing  of  domestic  and  wild  cats, 
ibid,;  on  Indian  cats  resembling  FeOs 
ohauif  i.  47;  on  striped  Burmese 
ponies,  L  61 ;  on  the  stripes  of  the 
ass,  i.  65 ;  on  Indian  wild  pigs,  L  69 ; 
on  humped  cattle,  1.  83 ;  occurrence 
of  Boa  fronioauB  in  Irish  crannoges, 
i.  85 ;  fertile  crossing  of  zebus  and 
common  cattle,  i.  86 ;  on  the  species 
of  sheep,  i.  97 ;  on  the  fat-tailed  Indian 
sheep,  i.  99 ;  origin  of  the  goat,  i. 
105 ;  on  rabbits  breeding  in  India,  i. 
116 ;  number  of  tail-feathers  in  fan* 
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taib,  L  158 ;  Loino  tambltr  pigeons, 
L  157 ;  number  of  tail-fefttliora  in 
£oiopiate$^  L  67 ;  on  Oolumba  affimSj 
i.  192;  piffeons  roosting  in  trees,  i. 
190;  on  Cohmba  kuoanoia^  i.  191; 
on  Cokmba  intermedia  of  Strickland, 
I.  193 ;  Tariation  in  ooloor  of  croop 
In  pigeons,  i.  198,  194,  206 ;  Tolun- 
tary  domestication  of  rock-pigeons  in 
India,  i.  194;  feral  pigeons  on  the 
Hudson,  L  200 ;  occurrence  of  sub- 
species of  pigeons,  L  214;  notice  of 
pigeon-fanciers  in  Delhi,  &c.,  L  215 ; 
hybrids  of  Oallus  sottneraiH  and  the 
domestic  hen,  i.  245;  supposed  hy- 
bridity  of  GcUlua  UmmmokUt  I  246; 
variations  and  domestication  of  Oal- 
iua  bankioa,  L  247,  248;  crossing  of 
wild  and  tame  fowls  in  Bnrmui,  L 
248 ;  restricted  range  of  the  larger 
gallinaceous  birds,  i.  249 ;  feral  fowls 
in  the  Micobar  Islands,  L  249 ;  bUck- 
skinned  fowls  occurring  near  Cal- 
cutta, i.  269 ;  weight  of  GallfU  ban- 
AhOy  L  286;  degeneration  of  the 
turkey  in  India,  i.  310,  ii.  267 ;  on 
the  colour  of  gold-fish,  i.  812 ;  re- 
version from  a  cross,  iL  15 ;  on  the 
Ghor-Khar  (Asinui  indiau),  iL  17 ; 
on  Aaimu  hemiomUf  ii.  17 ;  number 
of  eggs  of  Qalku  banktvOf  ii.  90 ;  on 
the  breeding  of  birds  in  captivity,  ii. 
140 ;  co-existence  of  large  and  small 
breeds  in  the  same  country,  ii.  268 ; 
on  the  droopinff  ears  of  the  elephant, 
ii.  291 ;  homology  of  leg  and  wing 
feathers,  ii.  315. 

BOETHIUB  on  Scotch  wild  cattle,  i.  88. 

BoiTABD  and  Corbi^  on  the  breeds  of 
pigeons,  i.  138;  Lille  pouter  pigeon, 
i.  145 ;  notice  of  a  gliding  pigeon,  i. 
164 ;  variety  of  the  pouter  pigeon,  i. 
170 ;  dove-cot  pigeon,  L  194 ;  cross- 
ing pigeons,  i.  202,  ii.  75,  107; 
sterility  of  hybrids  of  turtle-doves,  i. 
203 ;  reversion  of  crossed  pigeons,  i. 
907,  ii.  14 ;  on  the  fanUil,  i.  218,  ii. 
42;  on  the  trumpeter,  ii.  42;  pre- 
potency of  transmission  iu  silky  fan- 
tail,  ii.  42,  44;  secondary  sexual 
characters  in  pigeons,  ii.  50 ;  cross- 
ing of  white  and  coloured  turtle- 
doves, ii.  70;  fertility  of  pigeons,  ii. 
91. 


BoMDTOiDJB,  wingless  females  «£  !L 
289. 

Bomhya  hnperu$,  IL  294. 

Bombyx  huSktoni,  L  818. 

Bombys  fnorij  L  817-321. 

BOXAFOUB,  on  maise,  L  838,  339. 

Bonaparte,  number  of  spades  of 
Columbido,  L  139;  number  of  tail- 
feathers  in  pigeons,  i.  167;  size  of 
the  feet  in  Columbide,  L  183;  on 
Oolttmba  guinea,  i.  192;  Cohonba 
twrioola,  rupeatrie  and  tobmperiy  L 
193. 

Bonaiea  spedou,  development  of  ovary 
of;  L  434. 

BONAVIA,  Dr.,  growth  of  cauliflowers 
in  India,  IL  301. 

BoNEB,  Mr.,  semi-feral  sheep,  ii.  5. 

BOKES,  removal  of  portions  of,  ii.  286 ; 
regeneration  of,  iL  284 ;  growth  and 
repair  of,  ii.  877. 

BoNizzi,  on  pigeons,  L  138, 170. 

BoHNBT,  on  the  salamander,  iL  857, 
885 ;  theory  of  reproduction,  iL  351, 
870. 

BoBCHMETER,  experiments  with  the 
seeds  of  the  weeping  ash,  L  462. 

BOBBOOLE,  L  341. 

BoBEXiU,  on  Polish  fowls,  L  260. 

Borneo,  fowls  o^  with  tail-bands,  L 
246. 

Bornet,  E.,  condition  of  the  ovary  in 
hybrid  Citiiy  L  415;  self-impotence 
of  hybrid  Oiatiy  iL  122. 

BoBBOW,  Q.,  on  pointers,  L  44. 

BOBY  DB  Saint-Vinoent,  OB  gold-fish, 
L  813. 

BoSf  probable  origin  of  European  do- 
mestic cattle  from  three  species  of, 
L86. 

Boi  fronio$v8,  L  85. 

Bos  huUcua,  L  82. 

Bm  longifroru,  i,  83,  85,  86. 

Bos  primigenius,  L  83-84,  86,  iL  98. 

Bos  aondaious,  iL  191. 

Bos  taurusj  i.  82. 

Bos  troohooeroSj  L  85. 

Boso,  heredity  in  foliage-varieties  of  the 
elm,  L  385. 

BosBE,  production  of  double  flowers 
from  old  seed,  ii.  151. 

BosBi,  on  breeding  dark-coloured  silk* 
worm»,  L  319. 

BOSMAN,  on  dogs  of  Guinea,  L  40. 
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BonCHABDAT,  on  the  tim  dinaase,  I. 
854. 

BouDor,  on  local  diseases,  'A,  266 ;  re- 
sistance to  cold  of  dark-complexioned 
men,  it  829. 

*«B0ULAH8,''L  148. 

«  BOUTOK  d'Alep,"  iL  266. 

BowsN,  Prof.,  donbta  as  to  the  import- 
ance of  inheritance,  i.  446.  . 

Bowman,  Mr.,  hereditarr  pecnliarities 
in  the  human  eje,  i.  452-454 ;  here- 
ditary cataract,  ii.  56. 

Braob,  Mr.,  on  Hungarian  cattle,  i.  84. 

Brachycomt  iUridi/oUa,  ii.  249. 

BBAora,  unusual  development  of,  in 
gooseberries,  i.  877. 

Bbadlbt,  Mr.,  effect  of  grafts  upon  the 
Steele  in  the  ash,  i.  418;  effect  of 
foreign  pollen  upon  apples,  i.  432; 
on  change  of  soil,  iL  128. 

''BaAHiCA  Pootras,*'  a  new  breed  of 
fowls,  i.  258. 

Brain,  proportion  of,  in  hares  and 
rabbits,  i.  130-134. 

B&ANDT,  Dr.,  origin  of  the  goat,  i.  105 ; 
correlation  of  teeth  and  hair,  ii.  321. 

Broinoa,  varieties  of^  with  enlarged 
stems,  fei.  841. 

BratMa  atperifoiia,  ii.  885. 

Brattioa  napm,  L  844. 

Braaaioa  ohraoeoy  i.  841. 

Brassioa  rapa,  I  844,  U.  148. 

Braun,  a.,  bud-variation  in  the  vine, 
i.  400;  In  the  currant,  Und.;  in 
MirobtUa  Jahpa,  i.  407 ;  in  Cfytimt$ 
adumif  L  418;  on  reversion  in  the 
foliage  of  trees,  1.  408  ;  spontaneous 
production  of  OyHsua  pwrjmM(y-tkn- 
gdm^  i.  416 ;  reversion  of  flowers 
b/  stripes  and  blotches,  ii.  11 ;  ex- 
cess of  nourishment  a  source  of 
variability,  ii.  244. 

Brazil,  cattle  of,  L  92. 

Brbad-vruit,  varieties  of,  ii.  243 ;  ste- 
rilitv  and  variability  of,  ii.  256. 

Brkb,  W.T.,  bud-variation  in  QeraniMm 
pratmue  and  Cmtaurea  oyanua,  i.  404 ; 
by  tubers  in  the  dahlia,  i.  411 ;  on  the 
deafness  of  white  cats  with  blue  eyes, 
iu  822. 

Brbkdino,  high,  dependent  on  inheri- 
tance, i.  446, 447. 

Brbbub,  domestic,  persistency  of,  ii.  233, 
423,  424 ;  artificial  and  natural,  iL 


409,410;  extinction  of,  ii.  421;  of 
domestic  cats,  i.  47-49 ;  of  pigs  pT»- 
duced  by  crossing,  L  82 ;  of  cattle,  i. 
90,  94-97;  of  goats,  i.  105. 

Brbhic,  on  Columba  amaluB^  I  192. 

Brent,  B.  P.,  number  of  mammae  in 
.  rabbits,  1. 110 ;  habits  of  the  tumbler 
pigeon,!.  158;  Laugher  pigeon, L  163; 
colouring  of  the  kite  tumbler,  L  169 ; 
crossing  of  the  pigeon  with  Colwnba 
anas,  1.  202 ;  mongrels  of  the  trum- 
peter pigeon,  ii.  42 ;  close  interbreed- 
ing of  pigeons,  ii.  106;  opinion  on 
Aldrovandi's  fowls,  I.  259 ;  on  strii)es 
in  chickens,  i.  262 ;  on  the  combs  of 
fowls,  i.  266;  double-spurred  Dorking 
fowls,  i.  267 ;  effect  of  crossing  on 
colour  of  plumage  in  fowls,  L  270; 
incubatory  instinct  of  mongrels  be- 
tween non-«ctting  varieties  of  fowls, 
iL  18 ;  origin  of  the  domestic  duck, 
i.  291 ;  fertility  of  the  hook-billed 
duck,  •  iba. ;  occurrence  of  the  plu- 
mage of  the  wild  duck  in  domestic 
breeds,  L  204 ;  voice  of  ducks,  i.  295 ; 
occurrence  of  a  short  upjier  mandible 
in  crosses  of  hook-billed  and  common 
ducks,  &rid,^  reversion  in  ducks  pro- 
duced by  crossing,  U.  14;  variation  of 
the  canary-bird,  L  81 1 ;  fitthion  in 
the  canary,  iL  226 ;  hybrids  of  canary 
and  finches,  ii.  20. 

Brigkell,  on  raising  nectarines  from 
seed,  L  360 ;  on  the  honos  of  North 
Carolina,  iL  290. 

BRinaBB,  Mr.,  on  the  dogs  of  Tierra  del 
Fuego,  L  41 ;  on  the  selection  of  dcgs 
by  Uie  Fnegians,  ii.  191. 

Bridoxan,  W.  K.,  reproduction  of  ah* 
normal  ferns,  L  408. 

Broca,  P.,  on  the  intercrossing  of  dogs, 
i.  32,  33 ;  on  hybrids  of  hare  and 
rabbit,  L  109 ;  on  the  rumpless  fowl, 
L  271 ;  on  the  character  of  hnlf- 
castes,  ii.  21 ;  degree  of  fertility  of 
mongrels,  ii.  78 ;  sterility  of  descend* 
ants  of  wild  animals  bred  In  cap- 
tivity, ii.  143. 

Broooou,  i.  341 ;  rudimentary  flowers 
in,  ii.  307 ;  tenderness  of,  ii.  301. 

Bromebbad,  W.,  doubling  of  the  Can- 
terbury Bell  by  selection,  iL  185. 

Broomfield,  Dr.,  sterility  of  the  iv^ 
and  Aoonu  oaltanua,  iL  154. 
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Brcmm  mcoI&iiw,  i.  831. 

Bbonit,  H.  0.,  bad  rariftUon  in  Antk^- 
mity  i.  404 ;  efieeto  of  eross-brMding 
on  the  female,  L  436 ;  on  kereditj 
in  a  one-homed  cow,  L  456 ;  propa- 
gation of  a  peoduloua  peach  hj  seed, 
L  461 ;  abflorpiion  of  the  minority  in 
orosMd  raoe%  ii.  65 ;  on  the  oroesing 
of  hones,  iL  70 ;  fertility  of  tame 
rabbits  and  sheep,  iL  00 ;  ohangee  of 
plumage  in  captiTitj,  iL  141 ;  on  the 
dahlia,  iL  249. 

Bronzb  period,  dog  of,  L  19. 

Bbown,  C.  M.,  prepotency  of  a  grey- 
hound, ii.  40. 

Brown,  Q.,  rariations  in  the  dentition 
of  the  horse,  L  52. 

Bbown-Sbqujjid,  Dr.,  inheritance  of 
artificially-produced  epilepsy  in  the 
guinea-pig,  L  468 ;  inherited  eiTects 
of  injuries,  tMdL 

BrnnsmgiUt  ii.  121. 

BRU88ELB  sprouts,  L  341,  ii.  425. 

^u^  maximv$,  iL  137. 

BucKLAiTD,  F.,  on  oysters,  iL  270 ;  num- 
ber of  eggs  in  a  oodfish,  iL  373. 

Buckle,  Mr.,  doubts  as  to  the  impcr- 
tance  of  inheritance,  L  446. 

BuoKiiBT,  Miss,  carrier-pigeons  roosting 
in  trees,  L  190. 

BuoKMAN,  Prof.,  cultiTation  of  Avena 
fatita,  i.  830;  cnltiyation  of  the  wild 
parsnip,  L  844,  iL  185,  267 ;  rerer^ 
sion  in  the  parsnip,  iL  4. 

BnoKWHBAT,  injurious  when  in  flower 
to  white  pigs,  U.  331. 

Bud  and  sMd,  close  analogy  of|  L 
444. 

BUD-BEVERnON,  ii.  10. 

Buds,  adrentitious,  ii.  381. 

BuD-VARiATnoN,  L  897-444,  ii.  242, 
278, 279,  281 ;  contrasted  with  semi- 
nal reproduction,  L  397  ;  peculiar  to 
plants,  L  398 ;  in  the  peach,  L  860, 
398;  in  plums,  L  390 ;  in  the  dierry, 
AtdL ;  in  grapes,  ibid. ;  in  the  goose- 
berry and  currant,  L  400 ;  pear  and 
apple,  L  401 ;  and  in  the  bimana,  ca- 
mellia, hawthorn,  Azaka  Mufioi,  and 
ParitAm  tntrnpis^  L  402 ;  in  the 
hollyhock  and  pelargonium,  ibidL; 
in  6^«raiinim  prateiue  and  the  chry- 
santhfOmum,  L  404 ;  in  roses,  L  390, 
404-406;  in  sweet  wUliams,  carna- 


tions, pinks,  stocks,  and  snapdragons, 
L  406,  407 ;  in  wall-flowers,  cycla- 
men, (Enoihera  bimnit^  Qladiohtt 
ooMttUf  fuchsias,  and  liirabiHa  jatapot 
L  407  ;  in  foliage  of  Tarious  trees,  L 
408 ;  cryptogamic  plants,  iMci  ;  by 
suckers  in  PAAmt  and  barberry,  L  410 ; 
by  tnbers  in  the  potato,  ibid, ;  in  the 
dahlia,  L  411;  by  bulbs  in  hyacinths, 
Jmakphylhun  mMMltm,  and  tulips, 
Awl;  in  Tigiidia  cotuMfiora,  L  412; 
in  HtmerooaUiBf  ibkL  ;  doubtful  cases, 
L  412-413 ;  in  Cytieus  adami,  L  413- 
416 ;  summary  of  observations  on, 
437. 

BuFFON,  on  crossing  the  wolf  and  dog, 
L  32;  increase  of  fertility  by  domes- 
tication, iL  89;  improTement  of 
plants  by  unconscious  selection,  il. 
200 ;  theory  of  reproduction,  iL  870. 

j^m/mum,  iL  28. 

Bull,  apparent  influence  of,  on  oif* 
spring,  iL  44. 

BULLACE,  L  866. 

Bulldog,  degeneration  of,  in  India,  L  39 ; 
recent  modifications  of,  L  44. 

BuLLrnoH,  breeding  in  captiTity,  iL 
137  ;  attacking  flower-buds,  iL  217. 

BuLT,  Mr.,  on  the  length  of  pouter 
pigeons,  L  218. 

**  BOiioiHKBsauwBDr,*'  L  70. 

BuxTiiio,  reed,  in  captirity,  iL  141. 

BuBDAOii,  crossing  of  domestic  and  wild 
animals,  L  69 ;  arersion  of  the  wild 
boar  to  barley,  iL  293. 

Burke,  Mr.,  inheritance  in  the  horse,  L 
455 

BurUngUmia,  iL  116. 

Bu&MAH,  cats  of,  L  49. 

Burmese  ponies,  striped,  i.  61. 

Burnes,  Sir  A.,  on  the  Karakool  sheep. 
L  102,  iL  268;  rarieties  of  the  Tine 
in  Cabool,  L  853 ;  hawks,  trained  in 
Scinde,  iL  136;  pomegranates  p<»* 
dudng  seed,  iL  152. 

Burb,  Fearimo,  poUto-craliing,  L  422. 

Burton  Oonstablb,  wild  cattle  at,  L  8& 

«  Burzel-Taubbn,"  L  156. 

BUSBO&AH  carrier,  L  148. 

Buieo  VHlgarUy  copulation  of,  in  oaptiv* 
ity,  ii.  137. 

BUTTERPUEB,  polymorphic,  iL  394. 

Buxton,  Mr.,  parroto  breeding  in  Nor* 
folk,  U.  138. 
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BuzARBnraDU,  Qiaau  db,  iuheriUnoe 
of  tricks,  L  450. 

CABANiSy  paan  grafted  on  the  quince, 
ii.  246. 

Cabbaos,  L  S41-344 ;  mrieties  of,  i. 
341 ;  wiitj  of  ehaneter  in  floweri 
and  leeda  of,  L  S42 ;  cnltirated  bjr 
ancient  Celta,  Und. ;  claieification  of 
varieties  ot,  ibicL ;  ready  crossing  of,  i. 
343,  it  68,  76, 110 ;  origin  o(  L  343 ; 
increased  fertility  of,  witen  calti- 
Tated,  it  91 ;  growth  of,  in  tropioil 
countries,  IL  266. 

Cabool,  Tines  of,  i.  353. 

Cabral,  on  early  cnltiTation  in  Brazil, 
L  329.. 

Cactub,  growth  of  cochineal  on,  in 
India,  ii.  265. 

CjGBAB,  Bos  primig^niHB  wild  in  Europe 
in  the  time  of,  i.  84 ;  notice  of  fowls 
in  Britain,  i.  258;  notioe  of  the  im- 
portation of  horses  by  the  Celts,  ii. 
187. 

Caffrb  fowls,  i.  241. 

Caffreb,  different  kinds  of  cattle  pos- 
Mned  by  the,  i.  91. 

"  CioiAB,*'  a  breed  of  sheep,  i.  99. 

CairHta  moscAato,  i.  191. 

Galobolabias,  L  388 ;  ii.  129 ;  eflTecU 
of  seasonal  conditions  on,  ii.  263; 
peloric  flowers  in,  ii.  338. 

CaldwblLi  J.,  sporting  of  sngar-cane, 
i.  410. 

**  Calonoob,"  a  Columbian  breed  of 
cattle,  i.  92. 

Calvkb,  Mr.,  on  a  seedling  peach  pro- 
ducing both  peaches  and  nectarines, 
i.  362. 

Calyx,  scgmenta  of  the,  converted  into 
carpels,  11.  387. 

CaueIi,  iU  dislike  to  crossing  water,  L 
190. 

CamelUiy  bud-rariations  in,  L  401 ;  r^ 
cognition  of  varieties  of,  ii.  238 ;  va- 
riety in,  hardiness  of,  ii.  209. 

Cameroh,  D.,  on  the  cultivation  of 
Alpine  plants,  iL  147. 

Gambbonn,  Baron,  value  of  English 
blood  in  race-horses,  i.  456. 

OcanpcmMla  mtdhun^  iL  185. 

Cavabt-bibd,  i.  311 ;  conditions  of  in- 

•  heritance  in,  i.  465 ;   hybrids  of,  ii. 

20 ;  period  of  perfect  plumage  in,  ii. 


53 ;  diminished  fertility  of;  ii.  145  \ 

standard    of  perfection  in,  iL  179; 

analogous  variation  in,  Ii.  341. 
Cahobb,  heredity  of;  L  452,  iL  56. 
Canfield,  Dr.,  on  horses  with  curled 

hair,  L  58 ;  on  feral  horses  in  North 

America,  L  64. 
Camtnb  teeth,  development  of  the,  in 

mares,  iL  810. 
CuniM  akpea,  L  30. 
OaniM  cmtarUkuBj  L  20. 
Oint!!  arffmUttmj  iL  134. 
OaniM  aurrai^  L  30. 
Cania    ocmeriwfnu^  domesticated    and 

crossed  in  Qniana,  i.  23. 
CimiB  dntreihvaritgaiuM,  L  30. 
CatUsftUvuMf  L  30. 
Cbimi  ingWf  the  naked  Peruvian  dog, 

L24. 
Cctms  latnmMf  L  27 ;  resemblance  of,  to 

the  Hare  Indian  dog,  L  22 ;  one  of  the 

original  stocks,  L  26. 
Cania  iupatterf  L  25. 
Coma  lupua,  var.  oeoidentaitB,  resem- 
blance of,  to  North  American  dogs,  i. 

21 ;  crossed  with  dogs,  L  23 ;   one  of 

the  original  stocks,  L  26. 
Camg  memmrioMy  L  26,  80. 
Cbnif  prmusoMS,  tamed  by  Mr.  Hodgson, 

L27. 
Cbntf  acMor,  L  25. 

CanU  tmtnMy  possible  original  of  grey- 
hounds, L  94. 
Cbnis  MoM,  L  SO. 
OanU  variegatuM^  L  80. 
CAMifiNO,  A.  S.  G.,  the  Japanned  pea- 
cock, L  805-307. 
Cabterbobt  Bell,  doubled  by  selection, 

ii.  185. 
Gapb  of  Good  Hope,  different  kinds  of 

cattle  at  the,-L  91 ;  no  useAil  planta 

derived  from  the,  L  328. 
Gaperoailzib,  breeding  in  captivity,  ii. 

139. 
Capra  agagrui  and  0,  faioimarij  pnn 

bable  parenU  of  domestic  goat,  L  105. 
Capsioum,  L  396. 
Gabdam,  on  a  variety  of  the  walnut,  L 

379 ;  on  grafted  walnuts,  ii.  247. 
Gabdoon,  ii.  7. 
Carex  riffida^  local  starility  of  the,  iL 

154. 
Garueb,  early  selection  of  sheep,  ii 

188. 
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Caruslb,  Sir  A.,  iaheritRDce  of  p«cii- 
liariiies,  i.  450,  452 ;  of  poljdaoty- 
lism,  i.  458. 

''Cabxe"  pigeon,  i.  164. 

Carnatiok,  bod-yariation  in,  i.  406; 
rariabilitj  of,  i.  894;  striped,  pro- 
duced by  croMing  red  and  white,  L 
426 ;  eflect  of  conditions  of  life  on  the, 
ii.  262. 

Carnivora,  general  fertility  of,  in  cap- 
tivity, ii.  133. 

Carolimb  Archipelago,  cats  of,  i. 
49. 

Carp,  ii.  222. 

Carpelb,  Tariation  of,  in  culti  rated  Cn- 
cnrbitacea,  i.  88J. 

Carprntier,  W.  B.,  regeneration  of  bone, 
ii.  284 ;  number  of  eggs  in  an  Atoaria^ 
ii.  373. 

Carpinus  Mulus,  ii.  385. 

Ccu'pophaga  ooMntoo,  ii.  408. 

Carr,  Mr.,  eflect  of  changed  conditions, 
ii.  94. 

Carrier  pigeon,  i.  146-149;  English, 
^bid,;  figured,  i.  147 ;  skull  figured, 
i.  172 ;  history  of  the,  i.  221 ;  Persian, 
i.  148 ;  Bussorah,  ibid. ;  Bagadotten, 
skull  figured,  i.  172;  lower  jaw 
figured,  i.  174. 

CARRilbRR,  origin  of  radish,  i.  845 ;  in- 
termediate form  between  the  almond 
and  the  peach,  i.  859 ;  glands  of  peach- 
leaves,  i.  364;  bud-variation  in  the 
yine,  i.  398 ;  bud-variaiion  in  the  rose, 
i.  406;  inheritance  in  purple-leaved 
trees,  i.  471 ;  on  rariation,  L  439, 
441,  442 ;  grafts  of  Aria  vMtitanpon 
thorns,  i.  413  ;  variability  of  hybrids 
of  Erjfthrinoj  ii.  253. 

Carrot,  wild,  eflects  of  oultivntion  on 
the,  i.  845 ;  reversion  in  the,  it  5 ; 
run  wild,  ii.  7  ;  increased  fertility  of 
cultivated,  ii.  91 ;  experiments  on  the, 
ii.  267;  acclimatisation  of  the,  in 
India,  ii.  302. 

Cariha}mUj  abortion  of  the  pappus  in, 
ii.  307. 

Cartibr,  cultivation  of  native  plants 
in  Canada,  i.  329. 

CARroPiiTLLAOEiE,  frequency  of  oonta- 
bcscenoe  in  the,  U.  149. 

Gaapart,  bud-variation  In  the  moss- 
roee,  i.  405 ;  on  the  ovules  and  pollen 
•f  CiftisuSj  i.  415 ;  crossing  of  CytiBUM 


purjmmu  and  (7.  laburnum,  L  416 ; 
trifacial  orange,  L  418;  diflferently- 
ooloured  flowers  in  the  wild  Viola 
httea,  I  440;  sterility  of  the  horse- 
radish, ii.  154. 

CAflTELRAU,  on  Brazilian  cattle,  i.  92. 

Cactrahoit,  assumption  of  female  ch»« 
racters  caused  by,  ii.  26,  27. 

Cattiarius  beruiattn,  ii.  140. 

Cat,  domestic,  L  45-50 ;  early  domesti* 
cation  and  probable  origin  of  the,  i. 
45,  46 ;  intercrossing  of,  with  wild 
species,  i.  46,  47 ;  variations  of,  i.  47- 
49 ;  feral,  i.  49,  ii.  6 ;  anomalous,  i. 
50 ;  polydactylism  in,  i.  458 ;  black, 
indications  of  stripes  in  young,  ii.  30 ; 
tortoiseshell,  ii.  49 ;  effects  of  crossing 
in,  ii.  63 ;  fertility  of.  ii.  89 ;  difllculty 
of  selection  in,  ii.  220,  222 ;  length  of 
intestines  in,  ii.  292 ;  white  with  blue 
eyes,  deafness  of,  ii.  322 ;  with  tufted 
ears,  ii.  343. 

Cataract,  hereditary,  i.  453,  ii.  56. 

Caterpillars,  effect  of  changed  food  on, 
ii.  270. 

CatUya  leopoldHy  i.  431. 

Catlin,  G.,  colour  of  feral  horses  in 
Xorth  America,  i.  64. 

Catdn,  Judge,  wild  turkey,  il.  91. 

CAiTiiK,  Kuropenn,  their  probable  origin 
from  three  original  species,  i.  82-85 ; 
humped,  or  zebus,  L  82;  inter* 
rroRBing  of,  i.  86,  94,  97 ;  wild,  of 
Chilliogham,  Hamilton,  Chartley, 
Burton  Constable,  and  Gisburne,  i. 
87,  ii.  97 ;  colour  of  feral,  i.  88-89, 
ii.  180;  British  breeds  of,  i.  90,  91; 
South  African  breeds  of,  i.  91 ;  South 
American  breeds  of,  i.  92,  ii.  189; 
Niata,  i.  92, 94,  ii.  1 90, 193, 332 ;  effects 
of  food  and  climate  on,  i.  94 ;  effects 
of  selection  on,  i.  95,  96 ;  Dutch-bni- 
tocked,  i.  452 ;  hornless,  production 
of  horns  in,  ii.  813;  reversion  in, 
when  crossed,  il.  15;  wildness  of 
hybrid,  ii.  19;  short-horned,  prepo- 
tency of,  ii.  40;  wild,  influence  of 
crossing  and  segregation  on,  ii.  63  ; 
crosses  of,  ii.  74,  82,  96 ;  of  Falkland 
Islands,  il  80 ;  mutual  fertility  of  all 
varieties  of,  il  88 ;  effects  of  inter- 
breeding  on,  ii.  96,  97 ;  sheri-horn, 
sterility  of,  ii.  97;  e&ooU  of  careful 
selection  on,  ii.  178,  18:) ;  naked,  oi 
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Colmnbia,  iL  189 ;  crossed  with  wild 
banteng  la  JaYt,  ii.  191 ;  with  re- 
rened  hair  in  Banda  Oriental,  ii. 

•  190;  selection  of  trifling  characters 
in,  it  193 ;  fashion  in,  iL  195;  dmi- 
larit/  of  best  races  of,  ii.  227 ;  nnoon- 
soions  selection  in,  ii.  198 ;  effects  of 
natural  selection  on  anomalons  breeds 
of,  iL  211,  212 ;  light-coloured,  at- 
tacked by  flies,  iL  214,  830;  Jersej, 
rapid  improyement  of,  ii.  220 ;  effects 
of  disuse  of  parts  in,  iL  289 ;  mdi- 
mentarj  horns  in,  iL  300 ;  supposed 
iiifluenoe  of  humidity  on  the  hair  ot^ 
ii.  318;  white  spoU  of,  lisble  to 
disease,  iL  331 ;  supposed  analogous 
Ttiriation  in,  ii.  841;  displacement 
of  long- homed  by  short-homed,  iL 
421. 

Cauliflower,  L  341;  free-seeding  of, 
in  India,  iL  301 ;  rudimentary  flowers 
in,  iL  306. 

CAVAUBtt  pigeon,  iL  75. 

Ccnia  apmttL^  iL  134. 

Cay  (jCdnu  asarat\  sterility  of,  in  con- 
finement, iL  136. 

Mui  azarm,  iL  136. 

Ceddomyia,  larral  derelopment  of,  iL 
273,  853, 363 ;  and  Misooamput,  L  5. 

Cedabs  of  Lebanon  and  AUas,  L  387. 

Cklbbt,  turnip-rooted,  L  344 ;  ran  wild, 
iL7. 

Oell-theobt,  iL  366. 

Cdotucri$iata,\.3S9. 

Celiub,  on  the  selection  of  seed-corn,  L 
836,  iL  187. 

Cbltb,  early  cnltiTation  of  the  cabbage 
by  the,  L  342 ;  selection  of  cattle  and 

:   horses  by  the,  iL  187. 

OmchruMf  seeds  of  a,  used  as  food,  i. 
326. 

OentawrM  oyan'ts,  bud-Tsrlation  in,  L 
404. 

Cephalopoda,  spermatophores  of,  iL 
379. 

Cerasun  padutf  yellow-fruited,  L  462. 

CerookpUif  sterility  of,  in  captirity,  iL 
134. 

CeroopUKeom^  breeding  of  a  spedes  of, 
in  captivity,  iL  136. 

CKBBAlii,L  329,  330;  of  the  Neolithic 
period  inSwitserland,L  335;  adapta- 
tion of;  to  soils,  iL  295. 

Cerent^  iL  11. 


Cereua  ipedotistimua  and  i^ylkmikiUf  le* 
Torsion  in  hybrids  of,  L  425. 

Ctrvus  oanadetmsj  iL  141. 

Ctrwis  damOf  ii.  99. 

Cetacba,  correlation  of  dermal  system 
and  teeth  in  the,  ii.  321. 

Cbyloh,  cats  of,  L  48 ;  pigeon-fancying 
in,  L  216. 

Chamibbo,  on  seeding  bread-fruit,  iL 
152. 

Chanitel  Islands,  breeds  of  cattle  in,  L 
83. 

CllAPMAir,  Professor,  poach-troes  pro- 
ducing nectarines,  L  302. 

C1IAPC7I8,  y.,  sexual  peculiarities  in 
pigeons,  L  170;  effect  produced  by 
first  male  upon  the  subsequent  pro- 
geny of  the  female,  L  437 ;  sterility 
of  tne  union  of  some  pigeons,  ii.  146. 

Chabaoters,  fixity  of,  iL  225 ;  latent, 
ii.  25-31,  893,  394;  continued  di- 
yergenco  of,  iL  227 ;  antagonistic,  iL 
305. 

CiiABDiN,  abundoncc  of  pigeons  in  Per* 
sia,  L  215. 

CaAELXMAOVS,  Orders  as  to  the  selection 
of  sUllions,  iL  187. 

CnAETLET,  wild  cattle  of,  L  88. 

CiiATi,  reversion  of  the  upper  seeds  in 
the  pods  of  stoclcs,  tL  340. 

Chaundt,  Mr.,  crossed  yarieties  of  cab- 
bage, iL  110. 

CiiBBTAH,  general  sterility  of,  in  cap- 
tivity, ii.  133. 

Ohairanthui  cMH^  i.  407. 

Cherries,  L  368,  369 ;  bud-variation  in, 
L  399;  white  Tartarian,  iL  215; 
variety  of,  with  curled  petals,  iL  218 ; 
period  of  vegetation  of,  changed  by 
forcing,  iL  301. 

Chbyrbul,  on  crossing  fruit-trees,  ii. 
110. 

Chioeenb,  differences  in  characters  of,  i. 
261,  262;  white,  liable  to  gapes,  iL 
213,  330. 

CuioOK,  iL  205. 

CiiiLB,  sheep  of,  i.  99. 

Cuillihouax  cattle,  identical  with  Z^os 
primigennUf  L  84 ;  characters  of,  L  87. 

Chilob,  half-castes  of,  iL  21. 

China,  cats  of,  with  drooping  ears,  i. 
49 ;  horses  of,  i.  56 ;  striped  ponies 
of,  i  62;  asses  of,  L  66;  notice  of 
rabbits  in,  by  Confticius,  L 107 ;  breeds 
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.  of  pigeons  roared  in,  i.  216 ;  breeds 
of  fowls  of,  in  fifteenth  century,  i. 
243,  259. 

CuxNOHiLLA,  fertility  of,  in  cAptivity, 
ii.  135. 

Chinese,  selection  pract'sed  bj  t'&e,  ii. 
189 ;  preference  of  the,  for  hornless 
rams,  ii.  194 ;  recognition  of  the  ralne 
of  native  breeds  by  the,  ii.  804. 

CiiiNESB,  or  Himalayan  rabbit,  i.  112. 

**  C111VO8,"  a  breed  of  cattle  in  Paraguay, 
L92. 

Chodz-bates,  L  842. 

CiiRiffT,  H.,  on  the  plants  of  the  Swiss 
Lalce-dwellings,  i.  820,  H36 ;  interme- 
diate forms  between  Ptntu  fylvctirit 
and  montcoMj  i.  887. 

ClIRrBANTUEMUM,  i.  404. 

ChryaotiB  fetUva^  ii.  269. 

CiKESARiA,  effects  of  selection  on  the, 
ii.  184. 

CiRCAmA,  horses  of,  ii.  80. 

CinouMOUiov,  i.  467. 

C11UIIPEDE8,  metagenesis  in,  U.  362. 

Ctfttw,  intercrossing  and  hybrids  of,  i. 
856,  459,  ii.  122. 

CrrnoNS,  i.  355,  356. 

**  Citnu  aurcmtiuifi  fructu  vuriabilif**  i, 
357. 

Citnu  dccwnnnay  i.  355. 

CUrua  iemonumf  i.  856. 

CUrvs  medusa,  L  855,  356. 

Clapham,  a.,  bud-yariation  in  the 
hawthorn,  i.  402. 

<*  Claquamt  "  (pigeons),  1. 145. 

^'CLAQnEBS**  (pigeons),  i.  164. 

Clark,  G.,  on  the  wild  dogs  of  Juan  de 
NoTa,  i.  28 ;  on  striped  Burmese,  and 
Javanese  ponies, .  i.  61 ;  breeds  of 
goats  imported  into  the  Mauritius,  i. 
105;  variations  in  the  mamma  of 
scats,  i.  106;  bilobed  scrotum  of 
Muscat  goat,  i^kI. 

CIjARK,  H.  J.,  on  iission  and  gemmation, 
ii.  851. 

Clarke,  B.  T.,  intercrossing  of  straw- 
berries, i.  874. 

CiJiRKB,  T.,  hybridisation  of  stocks,  L 
429,  ii.  71. 

Clarxson,  Mr.,  prise-cultiyation  of  the 
gooseberry,  i.  878. 

CijlBBnriOATiOK,  explained  by  the  theory 
nf  natural  selection,  i.  11. 

Cusrr  palate,  inberitanoe  of,  \,  466. 


Clehehtb,  on  wild  yines  in  Spain,  L 

852. 
Clebxont-townerrb,  on  the  St  Va^ 

Ury  apple,  I.  482. 
CuMATB,  effect  of,  upon  breeds  of  dogs, 

<.  89 ;  on  horses,  1.  55,  56 ;  on  cattle, 

i.  95,  96 ;  on  the  fleece  of  sheep,  i. 

102, 103 ;  on  seeds  of  wheat,  i.  383 ; 

on  cnltiyated  cabbages,  L  844 ;  adap- 
tation of  maixe  to,  i.  841.  ' 
Clxmatb   and   pasture,  adaptation  of 

breeds  of  sheep  to,  L  100, 101. 
CuMATB    and    soil,    effects   o(    upon 

strawberries,  I.  875. 
Cline,  Mr.,  on  the  skull  in  horned  and 

hornless  rams,  ii.  827. 
Clos,  on  sterility  in  R<miineuhi»  foaaia^ 

ii.  155. 
Clotzbcii,  hybrids  of  yarious  trees,  ii. 

111. 
Clover,  pelorism  in,  ii.  838. 
COATB,  Mr.,  on  interbreeding  pigs,  ii.  102. 
Coooua  of  apple-trees,  ii.  217. 
CoOfilH  fowls,  i.  237,  263,  264,  273, 

274 ;  occipital  foramen  of,  figured,  1. 

274;  section  of  sicull  of,  figured,  i. 

277 ;  cervical  vertebra  of,  figured,  i. 

281. 
Coouineal,  persistence  of,  ii.  222 ;  pre* 

ferenco  of,  fur  a  particular  cactus,  iu 

265. 
CockUana  armoraokij  ii.  154. 
Cock,  game,  natural  selection  in,  ii. 

210;  spur  of,  grafted  on  the  omb, 

ii.  286 ;  spur  of,  inserted  into  the  ear 

of  an  ox,  ii.  365 ;  affect  of  castration 

upon  the,  ii.  26. 
Cock's-oomb,  varieties  of  the,  i.  389. 
CooooMB  of  silkworms,  variations  in,  i. 

819. 
Codfish,  bulldog,  i.  93;    number  of 

eggs  in  the,  ii.  373. 
Ccdogsnya  paoOf  ii.  135. 
Colin,  prepotency  of  the  ass  over  the 

horse,  ii.  43;  on  cross-breeding,  ii. 

75 ;  on  change  of  diet,  it  293. 
C0LUN8ON,  Peter,  peach-tree  produc* 

ing  a  nectarine,  i.  361. 
Coloration  in  pigeons,  an  evidence  oi 

unity  of  descent,  i.  204-206. 
Colour,  correlation  of,  in  dogs,  i.  28, 

29 ;  persistence  of,  in  horses,  i.  53 1 

inheritance    and    diversity    of,    in 

horses,  i.  57;   variations  of.  In  the 
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an,  1.  66;  of  irild  or  feral  osttle,  i. 

88;   trmnnninion  of,  in  rabbits,  i. 

Ill;  pecoliarities  of,  in  Himalajan 

rabbiU,  t  114;  indaenoe  of,  ii.  212- 

216;   correlation  of,  in   head   and 

limba,  ii.  816 ;  correlated  with  con- 

tUtntional  pecoliariliei,  ii.  329-882. 
COLDUB  and  odour,  correlation  of,  iL 

817. 
COLOUB-DUITDNESB,  hereditarj,  1.  454 ; 

more  common  in  men  than  in  women, 

ii.  48,49;  associated  with  inabilitr 

to    dbtingaLsh   musical    sounds,  ii. 

822. 
CoLOUBS,  sometimes  not   blended   bj 

crossing,  ii.  70. 
Coitanba  agmia^  Blyth,  a  varietj  of  (7. 

Una,  i.  192. 
Colwmba  anudia^  Brehm,  a  variet  j  of 

C,  lioia,  i.  192. 
Colwmba  gumaof  i.  192. 
Columba  gymnooychu,  Qrhj,  a  form  of 

a  livia,  I  193. 
Cobmiba  gymnophthahnoif  hybrids    of, 

with  C.  oiMs,  i.  202;  with  C.  mooM- 

hsa,  i.  203. 
Ooiunia  Aii0rmMlia,Strickland,  a  variety 

of  0.  IMa,  i.  193. 
Columba  leuoootpkala^  ii.  ]:)9. 
Columba  Jnioonoto,  i.  191, 205. 
Columba  Kttortdit,  i.  191. 
Cotuniha  Uma^  ii.  2,  14 ;  the  parent  of 

domestic  breeds  of  pigeons,  i.  192 ; 

meaaarements  of,  i.  140 ;   figured,  i. 

141;  skull  figured,  L  172;    lower 

i*aw  figured,  i.  173 ;  scapula  figured, 
.176. 

Obhimba  huduota,  i.  191. 

Coiumba  mignUoria  and  huoooephalOf  di- 
minished fertility  of,  in  capiirity,  iL 
139. 

Columba  omas,  t.  192 ;  crossed  with 
common  pigeon  and  C,  gymnopMhal' 
moSt  i.  203. 

Columba  pahmbuBf  i.  202^  ii.  842. 

Columba  rupt^tns,  i.  191,  193,  205. 

Columba  aohunpin,  i.  193. 

ColunAa  iorqwatriay  ii.  342. 

Columba  turrioola,  i.  193. 

CuLUMBiA,  cattle  of,  i.  92. 

OOLUMBINS,  double,  i.  888,  ii.  323. 

CoLUMBCB,  on  West  Indian  dogs,  i.  23; 

(JOLUMBIXA,  on  Italian  shepherd  dogs, 
L  23;  on  domestic  fowls,].  243,  259, 


ii.  187, 424 ;  on  the  keeping  of  ducks, 
i.  291 ;  on  the  selection  of  seed-corn, 
L  836 ;  on  the  benefits  of  change  of 
soil  to  plants,  ii.  128;  on  the  yalue 
of  native  breeds,  ii.  304. 

COLEA,  L  344. 

OOMB,  in  fowls,  variations  of;  i.  266 ; 
sometimes  rudimentary,  ii.  306. 

CoMPBNflATioir,  law  of,  i.  288. 

OOMPBMSATION  of  growth,  ii.  835-387. 

OOMPLBZIOH,  connection  of,  with  oon- 
stitution,  ii.  329. 

GoMPOBiTJB,  double  flowers  of,  i.  888, 
ii.  151,  307. 

OONOKPTION,  earlier  in  Aldemey  and 
Zetland  cows  than  in  other  breeds,  i. 
91. 

OoNDinoRS  of  life,  changed,  effect  of, 
ii.  413-414;  on  horses,  i.  54;  upon 
variation  in  pigeons,  L  223;  upon 
wheat,  I  333;  upon  trees,  I  384;  in 
producing  bud-variation,  i.  441 ;  ad- 
vanUges  of,  ii.  127-130,  160, 161 ; 
sterilitv  caused  bv,  ii,  130-149; 
conducive  to  variability,  ii.  243-249, 
888 ;  accumulative  action  of,  iL  249- 
252;  direct  action  of,  ii.  260-282. 

GONDOR,  breeding  in  captivity,  ii.  137. 

CONFIKBMSNT,  effect  of,  upou  the  cock, 
ii.  97. 

CONFUOIUB,  on  the  breeding  of  rabbits 
in  China,  i.  107. 

CSONOLLT,  Mr.,  on  Angora  goats,  ii. 
818. 

Ck>iivriTonONAL  differences  In  sheep,  i 
100;  in  varieties  of  apples,  i.  370, 
871;  in  pelargoniums,  i.  388;  in 
dahlias,  i.  894. 

CONBTITUTIONAL  peculiarities  in  straw- 
berries, i.  375;  in  roses,  i.  391. 

CoNSUMpnOK,  hereditary,  i.  451;  pe- 
riod of  appearance  of,  ii.  54 ;  corre- 
lated with  complexion,  ii.  329. 

CONTABBaCBKOB,  ii.  149, 150. 

GonvolmUna  batatas,  ii.  153,  299. 

Oonvolvuhu  tricolor,  bud-variation  in,  U 
440. 

Cooper,  Mr.,  improvement  of  vegetables 
by  selection,  ii.  188. 

Cooper,  WiiiTB,  hereditary  peculiarities 
of  vision,  i.  453 ;  association  of  affec- 
tions of  the  eyes  with  those  of  other 
systems,  ii.  821. 

CoRAU,  bvd«variation  in,  i.  398 ;  noR* 
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difiMoB    of    ceU-gemmnlw    in,    ii, 
874. 

CoRBii.    Sm  Boitaid. 

Co&DEHOZy  Dr^  seedless  plants,  ii.  153. 

OORHBA,  opacity  of,  inherited,  i.  453. 

Contm  maiaUa,  jellow-fruited,  i.  462. 

GumuBLiLTiOJr,  ii.  311 ;  of  neighbouring 
purts,  ii.  312;  of  change  in  the 
whole  bodr,  and  in  some  of  its  parts, 
iu  813 ;  of  homologous  parts,  ii.  314- 
825;  inexplicable,  ii.  325-357 ;  com- 
mingling o(f  with  the  effects  of  other 
agencies,  iL  827-329. 

CORBBLATIOH  of  skull  and  limbs  in 
swine,  L  75 ;  of  tusks  and  bristles  in 
swine,  L  79 ;  of  maltipUcity  of  horns 
and  coarseness  of  wool  in  sheep,  i. 
98;  of  beak  and  feet  in  pigeons,  L 
182, 183 ;  between  nestling  down  and 
colour  of  plumage  in  pigeons,  L  204 ; 
of  changes  in  silkworms,  L  821 ;  in 
plants,  ii.  204 ;  in  maize,  I.  341 ;  in 
pigeons,  L  177-180,  228 ;  in  fowls,  L 
288-289. 

OORBESFONDIMO  periods,  inheritance  at, 
ii.  51-57. 

OoRBiBRTBB,  dwarf  cattle  of,  i.  92. 

OoBBiKOHAii,  Mr.,  influence  of  selection 
on  pigs,  ii.  182. 

Corsica,  ponies  of,  i.  54. 

**  CoRTBfiCK  **  (pigeon)  of  Aldroyandi,  i. 
219. 

Corna  oorone^  and  C.  oonit«,  hybrids 
of,  ii.  72. 

Corifdali8j  flower  of,  ii.  336. 

Corydcdis  coon,  it  113, 114. 

Corydtlii  aoiida,  sterile  when  peloric,  ii. 
150. 

CorydalU  hAttroaa^  peloric  by  reversion, 
ii.  33. 

Corifhu  aveihmOf  i.  379. 

CoffFA,  A.,  on  shells  transferred  from 
England  to  the  Mediterranean,  ii. 
270. 

Coues,  Dr.  E.,  on  a  monstrous  chicken, 
ii.  385. 

CowPER,  Mr.  WurriB,  defectire  derelop- 
ment  of  the  denial  ^stem,  ii.  321. 

"  GOUYB  Tbonohuda,''  i.  342. 

Oow,  inheritance  of  loss  of  one  horn  in 
the,  L  456;  amount  of  milk  fur- 
nished by  the,  it  290 ;  derelopment 
of  six  mammsD  in,  ii.  309. 

CowiLtP,  ii.  464. 


CBAOID.C,  sterility  of  the,  in  captirity, 
U.  139. 

Crahes,  fertility  of,  in  captiTity,  fi 
140. 

CraUBgus  oayaoantha,  i.  387,  402,  ii. 
217,  246,  461. 

Oratajpu  monogyna,  i.  387. 

CraUi^ut  tdnrioOj  i.  387. 

Crawturd,  J.,  Malasian  cats,  i.  49; 
horses  of  the  Malay  Archipelago,  i, 
51 ;  horses  of  Japan,  i.  56 ;  occurrence 
of  stripes  in  young  wild  pigs  of 
Malacca,  i.  80 ;  on  a  Burmese  hairy 
family  with  deficient  teeth,  ii.  53, 
820 ;  Japanese  origin  of  the  bantam, 
i.  241 ;  game  fowls  of  the  Philippine 
Islands,  Ii.  243 ;  hybrids  of  OaUus 
varnu  and  domestic  fowl,  i.  246; 
domestication  of  Oalhu  bankifM,  L 
248 ;  feral  fowls  in  the  Pellew  Islands, 
i.  249;  history  of  the  fowl,  i.  258; 
history  of  the  domestic  duck,  1.  291 ; 
domestication  of  the  goose,  i.  808 ; 
cultirated  plants  of  New  Zealand,  i. 
329;  breeding  of  tame  elephants  in 
Ara,  ii.  132;  sterility  of  Qoura 
corcnata  in  confinement,  ii.  139; 
geese  of  the  Philippine  Islands,  ii. 
145. 

Crisbpebs,  a  breed  of  fowls,  i.  241. 

Crebte]>  fowl,  i.  239 ;  figured,  i.  240. 

'*  CRkyB-OOEUB,"  a  French  sub-breed  of 
fowls,  L  241. 

Crdp,  Dr.,  on  the  brains  of  the  hare 
and  rabbit,  i.  132. 

Crooker,  0.  W.,  singular  form  of  Be- 
gorUa  frigida,  i.  389,  ii.  150 ;  sterility 
in  SanunculuB  ficcuiaf  ii.  154. 

Crocus,  ii.  147. 

Cboss-breedimo,  permanent  effect  of, 
on  the  female,  i.  436. 

Crosbino,  ii.  62-125, 157-175 ;  a  cause 
of  uniformity,  ii.  62-67, 157  ;  occum 
in  all  organised  beings,  ii  67-69; 
some  characters  not  blended  by,  ii. 
67-72,  158;  modUications  and  new 
races  produced  by,  ii.  73-77  ;  caubeit 
which  check,  ii.  78-87 ;  domestica- 
tion and  cultiyation  favourable  to, 
ii.  88-91,  172;  beneficial  effects  of 
ii.  92-112,  158-160;  necessary  iu 
some  plants,  iL  112-122,  159,  IKO, 
418;  summary  of  subject  of,  ii  122- 
126 ;  of  dogs  with  wolves  in  North 
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America,  I  21,  22 ;  with  Cania  mn- 
crUform  in  Qaiana,  i.  23 ;  of  dog  with 
wolf,  described  bj  Plinj  and  others, 
L  24;  characters  famished  bj, 
brought  oat  bj  rerersion  in  the 
progeny,  it  7>9 ;  a  direct  caase  of 
reversion,  ii.  ld-21,  23 ;  a  cause  of 
TariabUitj,  iL  252-255. 

Crdstaoea,  macroaroas,  differences  in 
the  doTelopment  of  the,  ii.  363. 

Crustaokan  with  an  antenna^like  de- 
relopment  of  the  eTe-pedunoIe,  ii. 
385. 

GariToaAMio  plants,  bud-rariation  in, 
L  408. 

Cuba,  wild  dogs  of,  L  28. 

^^CuOKOO,"  sub-breeds  of  fowls,  i.  256. 

CuoOMBiot,  yariation  in  number  of 
carpels  of,  i.  382 ;  supposed  crossing 
of  rarieties  of  the,  i.  4;i0. 

CWctmts  momordioa,  L  384. 

Oucumis  tativa^  i.  382. 

CucurbiiOf  dwarf,  correlation  of  leares 
in,  ii.  324. 

Cw:uriUta  maxima,  i.  880,  382. 

Cuowbita  moachaia,  I  380,  382. 

OucurbUa  pepo,  i.  380,  ii.  86 ;  yarieties 
of,  i.  381 ;  relation  in  sise  and  num- 
ber of  fruit  of,  ii.336. 

CuooRBiTAOBJE,  L  380-384 ;  supposed 
crossing  of,  L  430;  Maudin's  obser- 
yations  on  hybrids  of,  iL  156 ;  accli- 
matisation o^  ii.  304. 

^  CuLBUTAMiB  "  (pigeons),  i.  156. 

COLTITATION  of  plants,  origin  of,  among 
sayages,  1 826, 327 ;  fertility  increased 
by,  iL  89-91. 

CoHiEB,  on  hereditary  night-blindness, 
L454. 

CaPPLBB^  Mr.,,  pairing  of  deer-hounds, 
iL  104. 

COBBAMTB,  of  Tierra  del  Fuego,  i.  326 ; 
bad-yariation  in,  i.  400. 

COBTfS,  Mr.,  bud -yariation  in  the  rose, 
L  406. 

CuTiBS,  on  the  gestation  of  the  wolf,  L 
30 ;  the  odour  of  the  jacknl,  an  ob- 
stacle to  domestication,  L  31 ;  diifer- 
ences  of  the  skull  in  dogs,  L  85 ; 
external  characters  of  dogs,  i.  36 ; 
elongation  of  the  intestines  in  do- 
mestic pigs,  L  77,  iL  293;  fertility 
of  the  hook-billed  duck,  i.  291 ;  hy- 
lirid  of  ass  and  sebra,  ii.  16 ;  breed- 


ing of  animals  in  the  Jardin  des 
Plantes,  ii.  132;  sterility  of  pre- 
daceous  birds  in  captiyity,  iL  137; 
facility  of  hybridisation  in  confine* 
ment,  iL  143. 

Ctanobib,  affection  of  fingers  in,  IL 
326. 

CroLAMExr,  bod-yariation  in,  L  407. 

Cynara  oanhmcnhUf  iL  7. 

C^pB/MundatriXf  ii.  273.    . 

Cynootphahii  hamadrjfog,  ii.  136. 

Cyprmui  awratua,  L  312-313. 

CyrtanthtB,  iL  121. 

Cyriopodium,  ii.  1 15. 

C^Uam  adcanif  its  bud-yarlation,  i. 
413-417,  iL  11;  seedlings  from,  L 
414;  different  yiews  of  its  origin, 
L  415-417 ;  experiments  in  crossing 
C.  jmrpweui  and  laburmim  to  pro- 
duce, L  415 ;  its  production  by  M. 
Adam,  L  416 ;  discussion  of  origin  of, 
ibid. 

OyUsui  a/jpifio-7a5iirmon,  oyules  and 
pollen  of,  L  415 ;  origin  of,  ibid, 

CyUsM  alpimu,  L  415. 

CyUsus  kdmrmun,  L  418,  415,  416. 

Cytisus  jmrpurwheUmgatWy  oTules  and 
pollen  of,  L  415;  production  of,  L 
416. 

CyUauB  jmrpweutf  L  414-417. 

DAHLBOinf ,  effects  of  food  on  hymenop- 

Ura,  ii.  270. 
Daiiua,  L  393-394,    iL    129;    bud- 

yariatioQ  by  tubers  in  the,  i.  411; 

improvement    of,    by  selection,    il. 

201 ;  sUps  in  cultivation  of,  iL  249 ; 

effect'of  conditions  of  life  on,  ii.  263 ; 

correlation  of  form  and  colour  in,  iL 

325. 
DAuy,  hen-and-chicken,  L  389 ;  Swan 

River,  iL  249. 
Daldbut,  yarieties  of  wheat,  i.  332. 
Dalibkbt,  changes  in  the  odours  of 

plants,  iL  264. 
Dally,  Dr.,  on  consanguineoaa  mar- 
riages, iL  102. 
Daltonism,  hereditary,  L  454* 
Damaras,  cattle    of,  i.  91,  ii.    192, 

193. 
Damson,  L  368. 

Dandolo,  Count,  on  silkworms,  i.  318. 
Danikll,  fertility  of  English  dogs  in 
I      Sierra  Leone,  iL  144. 
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Danbh  If  iddttii,  rtnuins  of  dogi  in,  L 
18. 

DAPPUsro  in  liones,  asses,  and  hybrids, 
i.  58. 

Daagbte,  C,  on  the  skall  of  th«  Polish 
fowl,  i.  275 ;  causes  of  Tariabilitj, 
ii.  257 ;  on  the  prodaeiion  of  mon- 
strous chickens,  ii.  279 ;  co-ezlstenoe 
of  anomalies,  ii.  325 ;  production  of 
double  monsters,  ii.  334. 

Darvill,  Mr^  heredity  of  good  qualities 
in  horses,  L  456. 

Darwin,  d,  on  Lspn  moff^lanieus^  i. 
117;  on  the  wild  poUto,  i.  849; 
dimorphism  in  the  polyanthus  and 
primrose,  i.  464. 

Darwin,  Dr.,  improToment  of  Tegeta- 
blos  by  selection,  ii.  189. 

Darwin,  Sir  F.,  wildness  of  crossed 
pigs,  ii.  19. 

Darwin,  Q.,  consanguineous  marringcs, 
ii.  104. 

D'Aaso,  monogynous  condition  of  the 
hawthorn  in  Spain,  i.  887. 

Datyprcda  tufuiij  ii.  135. 

Datb-palm,  Varieties  of  the,  ii.  24  ^ 

DaiHra,  ii.  11 ;  Tariability  in,  ii.  254. 

D.iiura  IcBvia  and  ttramoniwn,  rerersion 
in  hybrids  of,  i.  425. 

Datura  itramomum,  ii.  43. 

Daudismion,  Tariations  in  the  number 
of  mnmroa  in  dogs,  i.  36 ;  proportions 
of  intestines  in  wild  and  domestio 
cats,  i.  50,  ii.  292. 

Dauoin,  on  white  rabbity  il.  215. 

Davt,  Dr.,  on  sheep  in  the  West  Indies, 
i.  102. 

Dawkins,  W.  Boro,  history  of  the  dog, 
L  15 ;  origin  of  cattle,  i.  85 ;  early 
domestication  of  J^os  hnjifrona  in 
Britain,  tbkL 
.  Draf-mutes,  non-heredity  in,  i.  465. 

DKAVNEflB,  inheritance  of,  ii.  55. 

Dean,  potato-grafting,  1. 421. 

Debt,  wild  hybrids  of  common  and 
musk  ducks,  ii.  20. 

De  Candolle,  Alpii.,  number  and 
origin  of  cultirated  plants,  L  323. 324, 
395 ;  regions  which  hare  furnished 
no  useful  plants,  i.  327 ;  wild  wheat, 
i.  829, 330 ;  wild  rye  and  oats,  i.  329 ; 
antiquity  of  rarieties  of  wheat,  i.  333 ; 
apparent  inefBcacy  of  selection  in 
wheat,  i.  335 ;  origin  and  cultlration 
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of  maise,  L  338,  ii.  821 ;  colours  of 
seeds  of  maixe,  L  339  ;  rarieties  and 
origin  of  the  cabbage,  L  842,  343 ; 
origin  of  the  garden-pea,  L  345 ;  on 
the  Tine,  L  352,  iL  298 ;  cultirated 
species  of  the  orange  group,  i.  355 ; 
probable  Chinese  origin  of  the  peach, 
i.  357 ;  on  the  peach  and  nectarine, 
i.  361,  863 ;  Tarieties  of  the  peach,  L 
863 ;  origin  of  the  apricot,  i.  865 ; 
origin  and  Tarieties  of  the  plum,  L 
867 ;  origin  of  the  cherry,  i.  868 ; 
Tarieties  of  the  gooseberry,  L  876; 
selection  practised  with  forest-trees, 
i.  884;  wild  fastirate  oak,  L  885; 
dark-leaTod  Tarieties  of  trees,  ibid. ; 
oouTsrsion  of  stamens  into  pistils  in 
the  poppy,  i.  389 ;  Tariegated  foliage, 
L  390 ;  heredity  of  white  hyacinths, 
i.  895,  463 ;  changes  in  oaks  depen- 
dent on  age,  1.413;  inheritance  of 
anomalous  characters,  i.  462 ;  Taria- 
tion  of  plants  in  their  natire  countries, 
ii.  244;  deciduous  bushes  becoming 
erergreen  in  hot  climates,  ii.  295; 
antiquity  of  races  of  plants,  ii.  425. 

Db  Candolle,  P.,  non-Tariability  of 
monotypic  genera,  ii.  253;  relatiTO 
doTelopment  of  root  and  seed  in 
Haphanut  uUwty  ii.  335. 

Deoaisnb,  on  the  cultivation  of  the 
wild  carrot,  i.  344;  Tarieties  of  the 

Kar,  i.  372 ;  intercrossing  of  straw- 
rries,  i.  878 ;  fruit  of  the  apple,  1. 

432 ;  sterility  of  ZysimaoAia  nummu- 

laria,  ii.  154;  tender  variety  of  the 

peach,  ii.  299. 
Dker,  assumption  of  horns  by  female, 

ii.    26;    imperfect   development  of 
'  horns  in  a,  on  a  Toyage,  ii.  141. 
Deer,  fallow,  ii.  81. 
Deeriiound,  Scotch,  diflerence  in  sixe 

of  the  sexes  of^  ii.  49 ;  deterioration 

of,  ii.  100. 
Deoeneration    of   high-bred    races, 

under  neglect,  ii.  225. 
Db  Jonoiie,  J.,  on  strawberries,  i.  374, 

ii.  229;  soft-barked  pears,  ii.  217; 

on  accumulative  Tariation,  ii.  249 ; 

resistance  of  blossoms  to  frost,  ii.  297. 
Delamkr,  £.  S.,  on   rabbits,  i.   11], 

116. 
Deipfwtium  ajaoUy  i.  464. 
Delphimimn  oonsofitfi,  i.  463,  464. 
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Delpiro  on  Pangencsb,  it.  850,  873. 
Dendroeyfftia  vitfuafo,  ii.  140. 
Denmv,  H.,  lice  of  Aperea,  ii.  135. 
'Dentition,  Tartatioiu  of,  in  tli«  hone, 

i.  52. 
Pbodar,  i.  387. 
*D»JMARE8T,  distribatlon '  of  white  on 

do|p(,  i.  30;  cat  from  the  Cape  of 

-  Good  Hope,  1. 49 ;  cats  of  Madagaacar, 
ibid,;  occurrence  of  striped  roong  in 

-  Turlci»h  pigs,  i.  80;  French  breiads 
'  of  cattle,  i.  84 ;  horns  of  goati,  i.  106 ; 

on  hornleai  goats,  ii.  300. 

Desfortes,  number  of  varieties  of 
roses,  i.  391. 

Devat,  Dr.,  singular  case  of  alUnism, 
i.  460 ;  on  the  marriage  of  cousins, 
ii.  102;  on  the  eflecta  of  close  inter- 
breeding, ii.  251. 

DeveijOpmbkt  and  metamorphosis,  ii. 
883,  884. 

DEyELOPHEKT,  arrests  of,  ii.  806-^10. 

D£VEU>PK£KT,  embryonic,  ii.  861- 
864. 

D'HEnrET-SAiNT-DEim,  L.,on  the  Ya- 
mi,  or  imperial  race  of  the  Chinese, 
ii.  189. 

DHOI.B,  fertility  of  the,  in  captiritj,  ii. 
134. 

Diabetes,  occnrrence  of,  in  three  bro- 
thers, L  460. 

DiantliUMf  contabescent  plants  of,  ii. 
149, 150 ;  hybrid  rarieties  of,  ii.  255. 

IHanthtu  ciineria  and  dcUoieki^  hybrids 
oi;  iL  76. 

IHantfivs  6ar6ahif,  i.  406. 

iJianthut  earyophyUMa^  i.  406. 

JHanihvi  ja^toniau,  contabeaoence  of 
female  organs  in,  ii.  150. 

J)iapkerwnera  femortttOf  ii.  359. 

Diciiooamous  plants,  li.  68. 

Dickson,  Mr.,  on  **  running  "  in  cama- 
nations,  i.  407;  on  the  colours  of 
tnlipa,  i.  412. 

Dieotylei  torqwOus  and  Ulnatu8f  ii.  133. 

DiEFFEMiiAOii,  dog  of  New  Zealand,  i. 
26;  feral  cats  in  New  Zealand,  i. 
40;  polydactylism  in  Polynesia,  i. 
45a 

Diautra,  ii.  33. 

DiRi*,  change  of,  >i.  293,  294. 

Digiitttii,  properties  of,  aO'ected  by  cul- 
ture, ii.  264. 

DlQm^  supernumerary!  i.  457 ;  analogy 


of,  with  embryonie  conditions,  Ii.  13 ; 
fusion  of,  ii.  834. 

Dimorphic  plnnts,  ii.  112;  conditions 
of  reproduction  in,  ii.  165-lti9. 

DniORPiiiSM,  rrciprocsil,  ii.  68. 

DiMGO,  i.  26 ;  rariation  of,  in  colour,  L 
28 ;  half-bred,  attempting  to  burrow, 
i&«ct;  attraction  of  foxes  by  a  female, 
i.  82 ;  variations  of,  in  confinement, 
ii.251. 

DiocaouKf  E8B  of  strawberries,  i.  375. 

Diseases,  inheritance  of,  i.  451,452; 
inherited  at  corresponding  periods  of 
life,  ii.  53-57  ;  peculiar  to  localities 
and  climates,  iL  265 ;  obscure  corre- 
lations in,  ii.  325,  326 ;  aflecting  cer- 
tain parts  of  the  body,  ii.  374 ;  oo- 
curring  in  alternate  generations,  il, 
396. 

Distemper,  fatal  to  white  terriers,  ii, 
2i:i. 

Disuse  and  use  of  parts,  tfCteU  of,  ii. 
285-293,  345,  846,  414,  415;  in 
the  siceleton  of  rabbits,  i.  129-134; 

.  in  pigeons,  i.  180-187;  in  fowls,  L 
281-288;  in  ducks,  i.  299-301;  in 
thesilk-moth.i.  317-321. 

DiVEROENOE,  influence  of,  in  producing 
breeds  of  pigeons,  i.  230. 

DixON,  E.  S.,  on  the  musk  duck,  L 
191;  on  feral  ducks,  i.  200;  on 
feral  pigeons  in  Norfolk  Island, 
ibid, ;  crossing  of  pigeons,  i.  201 ; 
origin  of  domestic  fowls,  L  242; 
crossing  of  QatUut  wonneratii  and 
common  fowl,  i.  245 ;  occurrence  of 
white  in  the  ynung  chicks  of  black 
fowls,  i.  2.H6;  Padunn  fowl  of  Aldro- 
randi,  i.  259;  peculiarities  of  the 
eggs  of  fowls,  i.  260  ;  chickens,  i. 
261,  262;  laU  development  of  the 
tail  in  Cochin  cocks,  i.  263 ;  comb  of 
lark-crested  fowls,  i.  268;  develop* 
ment  of  webs  in  Polish  fowls,  i.  27:2 ; 
on  the  voice  of  fowls,  tVt'd!.;  origin 
of  the  duck,  i.  291 ;  ducks  kept  by 
the  Romans,  i.  293 ;  domestication  of 
the  goose,  i.  302 ;  gander  frequcnt!y 
white,  L  303 ;  breeds  of  turke>-s,  i. 
309 ;  ineul>atory  instinct  of  mongrels 
of  ncn-sitting  races  of  fowls,  ii.  18; 
aversion  of  the  dove-cot  pigeon  to 
pair  with  fancy  birds,  ii.  82 ;  fertility 
of  the  goose,  ii.  90 ;  general  sterility 
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of  the  ftuint  in  captiritjr,  M.  189; 
fertllitr  of  geese  ia  capiirity,  ii. 
140 1  white  pen-fowl,  Ii.  326. 

DOUKLL,  H.,  Inheritftnce  of  aBomelies  of 
the  extremities,  i.  458 ;  non-reversion 
to  a  mnl  format  ion,  ii.  10. 

DotiRiziioi'PKR,  abhorrence  of  incest  by 
the  Abipones,  ii.  108. 

Dogs,  origin  of,  i.  15^  nncient  breeds  of, 
i.  17,  ii.  424;  of  Neolithic,  Bronze 
and  Iron  periods  in  Europe,  i.  18,  10, 
IL  428 ;  resemblance  of,  to  rarious 
species  of  Canidie,  i.  21;  of  Korth 
America  compared  with  wolres,  L 
21,  22;  of  the  West  Indies,  Sonth 
America,  and  Mexico,  1.  28,  .92 ;  of 
Quiana,  1.  28 ;  naked  dogs  of  Para- 

5 nay  and  Pern,  24,  81 ;  domb,  on 
uan  Fernandez,  i.  27;  of  Jnan  de 
Nova,  i.  28;  of  La  PinU,  ibid.;  of 
Cuba,  Aid,;  of  St.  Domingo,  ibUt,; 
correlation  of  colour  in,  L  28,  29; 
gesttitioB  of,  L  80,  81;  hairless 
Turkish,  i.  81,  ii.  212;  inter-crossing 
of  diti'erent  breeds  of,  i.  81 ;  charac- 
ters of  difierent  breeds  of,  discussed, 
i.  34-88 ;  degeneration  of  Europeno, 
in  warm  climates,  1.  87,  39 ;  ii.  267, 
29.'};  linbility  to  certain  diseases  in 
diflerent  breeds  of,  L  37  and  note; 
causes  of  differences  cf  breeils  dis- 
cussed, i.  39-45;  natching  fiith  and 
crabs  in  New  Guinea  and  Tierra  del 
Fuego,  i.  41 ;  webbing  of  t>>e  feet  in, 
ibid,;  influence  of  selection  in  pro- 
ducing dilTcrent  breeds  of,  i.  42,  45 ; 
retention  of  original  habits  by«  i. 
191;  inheritance  of  polydartylism 
In,  I.  549 ;  feml,  ii.  6 ;  reversion  in 
fi>urth  generation  of,  ii.  8;  of  the 
PaciHc  Islands,  ii.  04,  205,  803 ; 
mongrel,  ii.  70 ;  comparative  fdcility 
of  i-rossing  diiTerent  breeds  of,  ii. 
80;  fertility  of,  ii.  88,  134;  inter- 
breeding of,  il.  08-100 ;  selection  of, 
among  the  Greeks,  ii.  186,  194; 
among  savsges,  ii.  191,  192;  un- 
conscious selection  of,  11.  196,  197; 
Trtlued  by  the  Kuegians,  Ii.  199, 200; 
dimntal  changes  in  hair  of,  Ii.  268 ; 
proiluction  of  drooping  earn  in,  ii. 
291 ;  rejection  of  bones  of  |vanie  by, 
Ii.  293 ;  inheritance  of  rudiments  of 
limbf  in,  ii.  306;  derelopment  of 


fifth  toe  in,  ii.  809;  h««irless,  de- 
ficiency of  teeth  in,  il.  819;  short* 
faced,  teeth  of,  11.  887;  probable 
analogous  variation  In,  it  84-1 ;  ez* 
tinetion  of  breeds  of,  il.  42 1 . 

DoMBRAlir,  U.  ^,y  on  the  auricula,  IL 
839. 

Domestication,  essential  points  In,  IL 
400,  401 ;  favourable  to  crossing,  Ii. 
88,  89 ;  fertility  increased  by,  iL  89- 
91,  158. 

DoMCSTiOATEO  animals,  origin  of,  il. 
144,  145;  occasional  sterility  of, 
under  changed  conditions,  IL  145, 
146. 

DoNpEBS,  Dr.,  hereditary  hyperroe- 
tropla,  I.  458. 

DORKIMO  fowl,  i.  287, 274 ;  furculnm  of, 
figured,  1.  282. 

Dormouse,  Ii.  185. 

Double  llowers,  Ii.  151, 153, 155, 156 ; 
produced  by  selection,  ii.  184. 

Doubledat,  H.,  cultivation  of  the  fil* 
bert  pine  strawberry,  1.  376. 

Douglas,  J.,  crossing  of  white  and 
black  game-fowls,  ii.  70. 

Downing,  Mr.,  wild  varieties  of  the 
hickory,  1.  327 ;  peaches  and  n'.o- 
tarines  from  seed.  i.  360, 361 ;  ori^'n 
of  the  Boston  nectarine,  *i.  8(  1 ; 
American  varieties  of  the  peaob,  L 
864;  North  American  apricot,  L 
366 ;  varieties  of  the  plum,  1.  r/jd ; 
origin  and  varieties  of  the  chprry,  1. 
868,  869 ;  '*  twin-cluster  pippin j,"  i. 
870;  varieties  of  the  apple,  L  f«72; 
on  strawberries,  L  873,  375;  fruit 
of  the  wild  gooseberry,  L  878; 
effects  of  grafting  upon  the  seed,  L 
472 ;  diseases  of  plum  and  |<ench 
tree,  ii.  213;  Injury  done  to  r.tone 
fruit  in  America  by  the  **  weevil,"  iL 
217;  grafts  of  the  plum  and  peach, 
Ii.  247 ;  wild  varieties  of  pears,  ii. 
248 ;  varieties  of  fruit-trees  suitable 
to  diflerent  climates,  11.  296. 

Downing,  Mr.  J.,  sterility  of  n'lort* 
horns,  Ii.  97. 

Draft  1  9ylve9lf%  11.  147. 

Dragon  (pigeon),  1. 146, 149. 

*<  Draijer  **  (pigeon),  L  164. 

Drinking,  efleoU  o4  in  diff'eren'.  ilU 
mates,  ii.  279. 

Dromsdart,  selection  of,  il.  190 
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DftVOiy  Mr^  iiit«rwbrMdiog,  ii.  99 ;  Ttlat 

of  eroM  breed  of  ptgi,  it  100. 
Da  CiiAiLLU,  fruit-trees  in  West  Africa, 

1.827. 
DuCBmn;  on  Fragaria  vetoa^  i.  878, 

875. 
DupooB,  LifoWyOii  C<MidbMyt8  aDdJtfZio- 

omnjnii,  i.  5. 
DuoK,   iDosk,   retention  of  perching 

habit  bj  the,  i.  191  {  feral  hybrid  of, 

L199. 
DtrcK,  penguin,  hrbrid  of,  with  Egyp* 

tian  gooM,  ii.  44. 
Duck,  wild,  diflieulty  of  rearing,  ii. 

219;  effect!  of  domettication  on,  ii. 

267. 
Duou,  breedf  of,  i.  290,  291 ;  origin  of, 

i.  291 ;  hUtory  of,  9M. ;  wild,  easily 

Umed,  L  292,  293 ;  fertility  of  breeds 

of,  when  crossed,  i.  294;  with  the 

£lumage  of  Ana9  6onAa«,  UML; 
[alayan  penguin,  identical  in  plum- 
age with  English,  ibid,;  characters 
of  the  breeds  of,  i.  295-290 ;  eggs  of, 
i.  295 ;  effects  of  use  and  disuse  in, 
i.  299>802,  ii.  288 ;  feral,  in  Nor- 
folk, L  199 ;  Aylesbury,  inheritance 
of  early  hatching  by,  i.  471 ;  roTor- 
sion  in,  produced  by  crossing,  ii.  14 ; 
wildnees  of  half-bred  wild,  it  19; 
hybrids  of,  with  the  musk  dock,  ii. 
1 9,  20 ;  auumption  of  male  plumage 
by,  ii.  26 ;  crossing  of  Labrador  and 
penguin,  iL  75;  increased  fertility 
of,  br  domeetication,  ii.  90 ;  general 
fertility  of,  in  confinement,  ii.  140 ; 
increase  of  sise  of,  by  care  in  breed- 
ing, iL  188;  change  produced  by 
domestication  in,  ii.  250. 

DUM tf  RIL,  Aug.,  breeding  of  Sirtdtm  in 
the  branchiferous  stage,  ii.  879. 

DUN-OOLOURKD  horses,  oriffin  of,  i.  61. 

DlTRSAU  DB  UL  Mallb,  feral  pigs  in 
Louisiana,  ii.  7;  feral  fowls  in 
Africa,  AnkI  ;  bnd-rariation  in  the 
pear,  i.  401 ;  production  of  mules 
among  the  Romans,  ii.  88. 

Jhuhytm  tyhntrU.  I.  23. 

DUTOii  rabbit,  i.  111. 

Duron  roller  pigeon,  i.  158. 

DUTROOHBT,  pelorism  in  the  laburnum, 
ii.  336. 

DUYAL,  growth  of  pears  in  woods  in 
Franco,  ii.  248. 


DUVAL-JOUVB,  on  Lmrtia  ory^oidti,  iu 

69. 
DuTKBKor,  self-impotence  in  Zilium 

eaneUdum,  ii.  118. 
DziBBZOM,  rariability  in  the  character! 

and  habiU  of  bees,  i.  314. 

Earlb,  Dr.,  on  oolovr-blindness,  ii.  48, 
822. 

Eabs,  of  fancy  rabbits,  i.  110;  de- 
ficiency ol^  in  breeds  of  rabbits,  L 
112;  rudimentary,  in  Chinese  sheep, 
ii.  300 ;  drooping,  iL  291 ;  fusion  of; 
iL  S.H. 

Eaton,  J.  M.,  on  fancy  pigeons,  L  155, 
159;  variability  of  characters  in 
breeds  of  pigeons,  L  169 ;  roTersion 
of  crossed  pigeons  to  coloration  of 
Giiwnba  UviOf  L  208;  on  pigeon- 
fancying,  L  216,  225,  226;  on 
tumbler-pigeons,  L  220,  iL  229; 
carrier-pigeon,  i.  219 ;  effects  of 
inter-brieeding  on  pigeons,  ii.  106; 
properties  of  pigeons,  iL  182 ;  death 
of  short-faced  tumblers  in  the  egg, 
iL  211;  Archangel-pigeon,  ii.  226. 

EcHiNODBRBATA,  metagenesis  in,  iL362. 

EdopUieMf  specific  difference  in  number 
of  Uil-feathers  in,  L  167. 

EdopMn  migraioriuaf  sterile  hybrids 
of,  with  Twriyr  vu'gariM,  L  203. 

Edbmtata,  correlation  of  dermal  system 
and  teeth  in  the,  iL  321. 

Edobwobtii,  Mr.,  use  of  grass-seeds  as 
food  in  the  Punjab,  L  82U. 

EDMOMBroN,  Dr.,  on  the  stomach  in 
ZaruB  arffentaiui  and  the  raven,  iL 
292. 

Edwards  and  Colin,  on  English  wheat 
in  France,  ii.  297. 

Edwards,  W.  F.,  absorption  of  the  mi- 
nority in  crossed  races,  ii.  64. 

Edwards,  W.  W.,  occurrence  of  stripes 
in  a  nearly  thoroughbred  horse,  i, 
60 ;  in  foals  of  race-horses,  L  62. 

Eoos,  of  fowls,  characters  of,  L  260; 
variations  of,  in  ducks,  i.  205 ;  of  the 
silk-moth,  L  317. 

EOYPT,  ancient  dugs  of,  L  17,  1 8 ;  nncient 
domestication  of  the  pigecio  in,  L  2 14 ; 
absence  of  the  fowl  in  ant:ient,  i.  258. 

EayPTlAir  goose,  hybrids  of,  with  pen- 
guin duck,  L  296 

Ehrbbbbbo,  Prof.,  multiple  origin  of 
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the  dog,  L  16 ;  dogs  of  Lowtr  Egjpti 

i.  25 ;  mamroiM  of  Felit  moiucWato, 

L4d. 
Slememtb  of  tho  bod  J,  fanctional  indo- 

pendeaoe  of  the,  H.  364-^66. 
Elepiiaht,  its  sterilitT  in  csptirity,  ii. 

132. 
Euc,  Irish,  oorreUtions  In  the,  ii.  327, 

328. 
Elliot,  Sir  Walter,  on  cats  in  India,  i. 

46;  on  striped  horses,  i.  61 ;  Indian 

domestio    and    wild    swine,    1.    70; 

pigeons  from  Cairo  and  Constanti- 
nople, L  138 ;  fantail  pigeons,  i.  153 ; 

Lotan  tumbler  pigeons,  i.   158;    a 

pigeon  uttering  the  sound  YahUf  i. 

163 ;  OtUltubankiva  in  Pegu,  i.  248. 
Ellb,  Mr.,  varieties  of  cnltivated  plants 

in  Tahiti,  iU  243. 
£l3I,  nearlj  evergreen  Cornish  variety 

of  the,  L  886,  iL  301 ;  foliage-varieties 

of  the,  I  385. 
Elm,  weeping,  i.  385;  not  reproduced 

by  seed,  i.  462. 
Enieriga  pasaerina,  ii.  141. 
Embryos^  similarity  of,  i.  12 ;  fosion  of, 

ii.  333. 
Eroel,  on  Xourtis  aastafraa,  ii.  264. 
England,  domestication  of  Boa  hngi- 

frcn$  in,  i.  85 ;  selection  of  horses  in, 

in  mediaral  times,  ii.    187;    laws 

against  the  early  slaughter  of  rams 

in,  ii.  188. 
Epiiembudjs,  development  of  the,  ii. 

361. 
Hpidmdnan  dnnabarmitm,  i.  431 ;  and 

£,g€bra^  ii,  115. 
Epilbfst,  hereditary,  i.  451,  ii.  55. 
£qmt$  bweheaii,  i.  67. 
£quui  9110.7^0,  i  67. 
Jiqwta  indicHB,  ii.  17,  22. 
Equus  toBniopuaf  i.  65,  66,  ii.  16. 
Erdt,  disease  of  the  white  parts  of  cattle, 

ii.  331. 
Erxcacea,  frequency  of  contabescence 

in  the,  ii.  149. 
Eriohtiionius,  an  improver  of  horses 

by  selection,  ii.  186. 
Erman,  on  the   fat-tailed  Kirghisian 

sheep,  L  102,  ii.  269  ;  on  the  dogs  of 

the  Ostyaks,  iL  191. 
Erodhmif  ii.  83. 
JSryihrina  arista-gaUi  a&J  E,  hsrbaoM^ 

hybrids  o(  ii.  253. 


EaohaoMtMia  aUifomiea,  self-sterile  la 

England,  it  118. 
Ebquilant,  Mr.,  on  the  naked  young  of 

dun-coloured  pigeons,  i.  180. 
Esquimaux  dogs,  their  resemblance  to 

wolves,  L  22 ;  selection  of,  iL  191. 
EsQUiROi^  OR  hereditary  insanity,  L  55. 
EuDES-DKBLOMOouAMpi,  on  appendages 

under  the  jaw  of  pigs,  L  78. 
Ewmipmu  Japoniau,  L  407. 
Euphorbia  maculata^  iL  275. 
European  cultivated  plants,  tttill  wild 

in  Europe^  L  324. 
Evans,  Mr.,  on    the   Lotan   tumbler 

pigeon,  L  158. 
Evelyn,  pansies  growp  in  his  garden, 

L  391. 
Everest,  R.,  on  the  Newfoundland  dog 

In  India,  L  37,  ii.  295 ;  degeneration 

of  setters  in  India,  L  39 ;  Indian  wild 

boars,  L  69. 
Ewes,  horaless,  iL  843. 
Extinotion  of  domestic  races,  i.  232. 
Eves,  hereditary  peculiarities  of  the,  L 

452-454;  loss  of,  causing  microph* 

thalmia  in  children,  L  469 ;  modinca- 

tion  of  the  structure  of,  by  natural 

selection,  ii.  207,  208. 
Eyebrows,    hereditary    elongation    of 

hairs  in,  L  452. 
Eyelids,  Inherited  peculiarities  of  the, 

L452. 
ErrON,  Mr.,  on  gestation  in  the  dog,  L 

31 ;  variability  in  number  of  Tertebrss 

in  the  pig,  L  77 ;  indiridual  sterility, 

IL  146. 

F*Aa  wlgaria,  L  349. 

Fabre,  observations  on  JEgilopa    triU* 

ooidn,  i.  330. 
Fagus  iyivaiioOy  L  462. 
Fairweatiier,    Mr.,    production    of 

double  flowers  from  old  seed,  IL  151. 
Faiy&e,  on  the  Primula  sinentUf  L  394, 

ii.  324. 
Faho  aStidui,  resumption  of  young  plu* 

mage  bv,  in  captivity,  ii.  141. 
Faloo  osaifragWf  iL  215. 
Faioo  tuAuttOf  copulating  in  cnptivity^ 

ii.  137. 
Faho  iinnunouhiif  breeding  in  captivity, 

ii.  137. 
Falooner,    Dr.,    sterHiif  of  English 

bulldogs  in  India,  L  3if ;  reeemiiiancc 
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between  5ira<A^iaiiiindNlata  cattle, 
^  i.  93;  telection  of  the  lilkworm  in 

India,  I.  317 ;  fustigate  apple-treet  in 

Cnlcutta,  i.  385;  reproduction  of  a 

supcrnumeranr  thumb  after  amputa- 
.    tion,  i.  450 ;  fertility  of  the  dhole  in 

captirity,  ii.  134;  fcrUlitjr  of  Cogliah 

dogs  in  India,  ii.  144 ;  sterility  of  the 

tiger  in  captiritj,  ii.  1H3 ;  turlceyi  at 

Delhi,  ii.  145 ;  on  Indian  cultirated 

phntH,  ii.  148;  Thibet  mastiif  iad 

goat,  ii.  208. 
FAi/x>Xiy  sterilitj  of,  in  captirity,  iL 

137. 
Falkland  Islands,  horses  of  the,  I.  55, 

.04 ;  feral  pigs  of  the,  i.  80 ;  feral  cattle 

of  the,  i.  8G,  90;  feral  rabidts  of  the 

i.ll6. 
Fallow  deer,  ii.  81,  99. 
Fantail  pigeons,  i.  153-155,  ii.  219; 

figured,  i.  156;  furculum  of,  figured, 

i.  174;  history  of,  i.  218;  absence  of 

oil-gland  in,  ii.  336. 
Farok  lulnnds,  pigeons  of  the,  i.  102. 
Fashion,  influence  of,  in  breeding,  il. 

226. 
Fastioate  trees,  ii.  266,  340. 
Faunas,  geographical  difierences  of,  i. 

10. 
"  FAVOURrrE  "  bull,  11.  40,  96. 
Feathers,  homologous  variation  in,  ii. 

317. 
Feet,  of  pigeons,  indiridual  diiTerences 

of,  i.  168;   correlations  of  external 

characters  in,  i.  180. 
Feet  and  benlc,  correlation  of,  in  pigeons, 

i.  18C-I8^. 
Felidje^  fertility  of,  in  captivity,  il. 

133. 
Tell*  Imbastet,  i.  45. 
Ftliscjfra,  1.46. 
Felii  eal'gutjia^  i.  45. 
Fftii  e/um,  i.  45-47. 
FelUju'jfta,  ii.  133. 
Fciii  lybun,  i.  46. 
Feli$  m  tniculatu^  i.  45. 
Fetii  moNuif  1.  47. 
Feiis  omat  f,  i.  47. 
/W/a  iylrcatrit,  i.  46. 
FtiU  torqujiOf  I  47. 
Female,  affected  by  male  element,  IL 

861,  382. 
Female  flowers,   in  male  panicle  of 

maize,  I  339. 


Fenk,  Mr.,  grafting  potatoes,  I.  421. 

Fennel,  lulbn  variety  of,  I  344. 

Feral  cats,  i.  49 ;  cattls,  i.  80 ;  rabbits, 
i.  116,  119;  Guinea  fowl,  i.  810;  anl« 
mals  and  plants,  reversion  in,  iL  5, 6, 
22. 

Ferouboh,  Mr.,  supposed  plurality  of 
Crispin  of  domestic  fowls,  i.  243; 
chiclcens  of  blaclc  game-fcwls,  i.  2ai  ; 
relative  size  of  eggs  of  fowls,  i.  260 ; 
yolk  of  eggs  of  game-fowls,  L  262 ; 
early  pugnacity  of  game-oocks,  i. 
263 ;  voice  of  the  Malay  fowl,  1.  272 ; 
eflects  of  interbreeding  on  fowls,  iL 
105;  selection  in  Cochin-China  fowls, 
ii.  180;  on  fashion  iniwultry,  ii.  226. 

Fernandez,  on  Mexican  dogs,  1.  2H. 

Ferns,  reproduction  of  abnormal  forms 
of,  by  siHjrifA,  i.  408  ;  non-diilusion  of 
cell-gemmules  in,  Ii.  873. 

FERRErs,  ii.  90, 134,  190. 

Fertilisation,  artificial,  of  the  St. 
ValtSiynpple,  i.  371,  372. 

FERTiLrrr,  various  degrees  of,  in  ^heep, 
i.  101 ;  unlimited  mutual,  of  breeds 
of  pigeons,  i.  201-203;  comparative, 
of  mongrels  and  hybrids,  ii.  78,  70, 
162-165;  influence  of  nourishment 
on,  ii.  89 ;  diminished  by  close  inter- 
breeding, ii.  06,  150;  reduceti,  of 
Chillingham  wild  cattle,  ii.  97;  of 
domesticated  varieties  when  crossed, 
ii.  173. 

FcstuGOf  species  of,  propagated  by  bulb- 
lets,  ii.  154. 

Filukrts,  spared  by  tomtits,  ii.  216. 

KiLiPPi,  on  the  breeding  of  brauchilerous 
tritons,  ii.  379. 

Finches,  general  sterility  of,  in  cap* 
tivity,  ii.  137. 

FiNNiKiN  (pigeon),  i.  164. 

FiNOOOiiiO,  i.  344. 

Fir,  Scotfh,  acclimatisation  of,  ii.  800. 

Fish,  Mr.,  advantage  of  change  of  soil 
to  plantM,  ii.  120. 

Fjshks,  regeneration  of  portions  of  fins 
of,  ii.  15;  variability  of^  when  kept  in 
tanks,  ii.  246 ;  marine,  living  in  rre»h 
water,  ii.  204 ;  double  monsters  of,  ii. 
833. 

Fission  and  gemmation,  ii.  351. 

Fitch,  Mr.,  persistency  of  a  variety  of 
the  pea,  i.  340. 

Fittest,  survival  of  the,  L  6. 
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FirzuroEB,  on^n  of  sh«ep,  L  98 ;  AfrU 

cflB  mailed  sheep,  L  100. 
FiTZPiLTBiCK,  Mr.,  poUto-gnflinn^  l 

421. 
Fjxkdtew  of  okamcter,  coaditiont  of, 
,  dwcuMed,  ii.  37-89. 
FULX,  found  ia  iheSwisa  loke-dwelHags, 

i.  a:)5 ;  cUnifttai  differoBee  in  products 

of,  U.  264. 
FiXKCB,  fineaeas  of,  ia  Aostriaa  awriaoa, 

ii.  181. 
FiiEisoiiMANV,  on  Qermaa  sheep  crossed 

with  merinos,  ii.  6G. 

«FU>RB»TiNEE-TA0BB,"  L  149,  150. 

Floitnosb,  ii.  28. 

FiOORBHB,  cfossing  of  wolf  and  dog,  L 
%3 ;  prepotency  of  the  jackal  orer  th^ 
dog,  ii.  43 ;  hyl>rlds  of  the  horse  and 
ass,  ii.  43;  breeding  of  monkeys  ia 
Europe,  ii.  135. 

Flowbr-oardbn,  earliest  known,  in 
Kurope,  ii.  202. 

Floweri,  capricious  transmission  of 
colour-rarieties  in,  i.  403,  404 ;  ten- 
dency to  uniformity  in  striped,  ii.45; 
scorchibg  of,  dependent  on  colour, 
ii.  214;  change  in,  caused  by  oondi^ 
tions  of  life,  ii.  262 ;  rudimenUry,  ii. 
307 ;  relative  position  of,  to.  the  aiis, 
ii.  337. 

FcETATiox,  abdominal,  ii.  285., 

Foley,  Mr.,  wild  rarieties  of  pears,  ii. 
248. 

FoLiAas,  inherited  peculiarities  of,  L 
385;  raricgation  of,  i.  390;  bud- 
rnriation  in,  i.  407-400. 

Food,  influence  of,  oa  the  pig,  i.  76 ;  on 
cattle,  i.  04 ;  excess  of,  a  cauM  of  va^ 
riabillty,  ii.  244. 

Forbes,  D.,  on  Chilian  sheep,  i.  90 ;  on 
the  horses  of  Spsin,  Chili,  and  the 
Pampas,  i.  54. 

Fanniej  ru/'t^  ii.  238. 

Fortune,  R.,  sterility  of  the-  sweet 
potato  in  China,  ii.  153 ;  derelopment 
of  axillary  bulbs  in  the  yam.  Aid. 

Fowr^  common,  bre«dii  of,  i.  236-242 ; 
8U|»i»oaed  pluralitir  of  origin,  i.  -242 ; 
early  history  of,  !.  243-245;  causes 
of  production  of  breed*  of,  i.  245 ; 
origin  oC  from  Oalhu  h  uiiUoa,  t  247- 
251,257;  feral,  notices  of,  I  249, 
250 ;  reTsrsioB  and  analogous  Taria- 
UoB  iB,  I  251-258,  IL   9,  12-14, 


841,848;   *< cuckoo"  sub-breeds  o( 
L  256;  hUtory  of,  L  258-260;  struc- 
tural characters  of,  i.  260-26'i ;  sex- 
ual peCttlUrities : of,  i.  263-270,  ii.. 
50;  external  dilfcrencesof,!.  27(^278; 
'  ditferences  of  breeds  ofj  from.  .(7.  6  <ii«i 
kica^  i.  272 ;  osteological  characters 
of,  273-284;  eflects  of  disuse  of  )mrU. 
in,  i.  284-288,  ii.  288;  feral,  L  199, . 
ii.  7 ;  polydactytism  in,  i.  458 ;  fer- 
tility of„  increased  by  domestication, 
ii.  80, 145 ;  sterility  of,  under  oertNin  i, 
conditions,  ii.  144;  influence  of  selee*. 
tion  on,  ii.  180,  182,  194;   evils  of 

.  dose  intci^breeding  of,  ii.  104,  105; 
crossing  of,  Ii.  73-75;  prepotency 
of  transmission  In,  ii.  42 ;  rudimen-, 
tary  organs  in,  ii.  306 ;  crossing  of 
non-sitting  varieties  of,  iL  18.  19; 
homology  of  wing  and  leg  feathers 
in,  il.  315;  hybrids  of,  with  phea-. 
sants  and  GalluB  $on$tenUiif  11.  20: 
black'skiuned,  ii.  194 ;  black,  preyed 
upon  by  the  osprey  In  Irel  md,  IL  215 ; 
fivc^toed,  mentioned  by  Columella,  IL 
424;  rumpless,  tailed  chickens  pro- 
duced by,  ii.  4 ;  Dorking,  crosses  of, 
ii.  70;  form  of  comb  and  colour  of 
plumnge  ia,  ii.  224 ;  game,  crossing 
of  white  and  black,  ii.  70;  6v«^ 
spurred,  ii.  386 ;  Spanish,  liable  to 
sttA'er  from  frost,  ii.  296;  Polish, 
peculiarities  of  skull  of,  ii.  826-827. 

Fox,  sterility  of,  in  captivity,  ii.  134. 

Fox,  S.  Bbvan,  races  of  bees,  1.  314. 

Fox,  \V,  Darwin,  gestation  of  the  dog, 
i.  31;  **  Negro  "^  cat,  1.48;  rever- 
sion of  sheep  in  colour,  ii.  3 ;  period 
of  gestation  in  the  pig,  i.  77  ;  young 
of  the  Himalayan  rabbit,  i.'lt4; 
crossing  of  wild  and  domestic  turkeys, 
i.  308;  reversion  ia  crossed  must; 
ducks,  ii.  14;  spontaneous  segrega* 
tion  of  varieties  of  geese,  ii.  82; 
effects  of  close  inter-breeding  ujion 
bloodhounds,  it.  100;  deafness  of 
white  cato  with  blue  eyes,  iL  322. 

Foxiiouxm,  i.  42,  ii.  99. 

Fragaria  chUoetuU^  i.  373. 

Fragaria  coUima,  i.  373. 

Fragaria  dioica  of  Duchesne,  L  875. 

Frajarh  Matior^  i.  373. 

Fra;iaria  gnmdifwa^  i.  373. 

Fragaria  Mica,  I.  873. 
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Fhufaria  virgiiUana^  L  373. 
f^raxinuM  eaoMor,  L  384,  40fk,  462. 
Fraxintu  ImUiaeifoHiif  1 462. 
pRiiSLAirD  eattle,  proUblf  dcsoended 

from  ^09  primigeniuSf  I.  84. 
Fullback  pigeon,  I  163;  Indian,  i. 

161. 
I^rinfftOa  eHi,  ii.  137. 
I^rhigUla  ^pinut,  il.  187. 
FansLBD  fowls,  1.  241 ;  horMi,  L  56. 
FBOa,  poljrdaotjliim  in  the,  i.  458. 
Froit,  leedleie,  ii.  152. 
FBUrNTBBBi,  rtrieties  of,    oecnrring 

wild,  i.  327. 
Fbt,  Mr.,  on  fertile  hybrid  cats,  i.  46 ; 

on  feral  fowls  in  Ascension,  i.  249. 
FuOHSlia,  origin  of,  L  »88 ;  bud-Taria- 

tion  in,  i.  407. 
IWoAsid  coooinda  and  fu^gens,  twin  seed 

produced  bj  crossing,  1.  426. 
FUEOIAMB,    their    superrMtion    about 

killing    young  water-fowl,   i.  327 ; 

selection  of  dogs    by  the,  ii.   191; 

their  oompflratiriy  estimation  of  dogs 

and  old  women,  ii.  199 ;  their  power 

ofdisUntrision,  ii.  208. 
FUNOI,  parasitic,  ii.  274,  275. 
FUrbiunoeb,  Dr.,  on  nails  of  Saurians, 

ii.  386. 
FURCULUM,  characters  and  rariations  of 

the,  in  pigeons,  i.  176 ;  alteration  of, 

by  disuse,  in  pigeons,  i.  185 ;  cha- 
racters of,  in  fowls,  i.  282. 
FunoN  of  homologous  parts,  ii.  387. 

Gait,  inheritance  of  peculiarities  of,  i. 

450. 
Galapaoob.  Archipelsgo,  its  peculiar 

fauna  and  flora,  1.  9. 
Oaleobdolm  At/tfiim,  pelorism  in,  ii-  33, 

337. 
GALii^  il  272-274. 
Gall-onatb,  iL  273. 
Galu-lixb  excrescence  not  inherited, 

ii.  23. 
Oallikaoboob  birds,  restricti*d  range 

of  large,  i.  249 ;  general  fertility  ot, 

in  captivity,  ii.  139. 
OalUmi/a  chliri^nu,  ii.  140. 
OailmMla  nMMit,  L  302. 
Gallbho,  species  of  oranges,  i.  355- 

357 ;  hybridisation  of  oranges,  i.  357 ; 

persistency  of  races  in  the  peach,  i. 

860;  supposed  specific  distinctions  of 


peach  and  nectarine,  I.  361 ;  bissarria 
orange,  L  417  ;  crossing  of  red  and 
white  carnations,  i.  426 ;  crossing  of 
the  orange  and  lemon,  i.  430,  Ii.  360 ; 
effect  of  foreign  pollen  on  maize,  L 
130 ;  spontaneous  crossing  of  oranges^ 
ii.  68;  monstrosities  a  cause  of  steri* 
litr  in  plants,  il.  150;  seeding  of 
ordinarily  seedless  fruits,  ii.  152 ;  sto* 
rility  of  the  sugar-cane,  ii.  153;  ten- 
dency of  male  flowers  to  become 
double,  ii.  155;  effects  of  selection  in 
enlarging  fruit,  Itc.,  ii.  202 ;  Taria* 
tion  of  the  orange-tree  in  North 
lUly,  ii.  243 ;  naturalisation  of  the 
orange  in  Italr,  ii.  298. 

OaUua  am««f,  a  hybrid  of  0,  variui  and 
the  domestic  fowl,  i.  246. 

OaUuM  bankivaj  probable  original  of  do- 
mestic fowls,  i.  245,  247-251,257; 
game-fowl,  nearest  to,  i.  237 ;  crossed 
with  0,  mmneraiii,  i.  246 ;  its  cha* 
rscter  and  habits,  I  246,  ii.  88;  dif- 
foronces  of  various  breeds  of  fowls 
from,  I.  272;  occipital  foramen  of, 
figured,  L  274;  skull  of,  figured,  i. 
275 ;  cervical  vertebra  of,  figured,  L 
28 1 ;  furcnlum  of,  figured,  1.  *i82 ;  re- 
version to,  in  crosiied  fowls,  il.  13, 14 ; 
hybrid  of,  with  (7.  voriics,  i.  246,  ii. 
14;  number  of  eggs  of,  ii.  90. 

Oallui  ferrugmaus,  i.  237. 

OaUiu  furoahu^  i.  246. 

QaUu9  ffigantdutt  i.  246. 

Oallui  tofmaratii^  characters  and  habits 
of,  1.  245 ;  hybrids  of,  i.  245,  Ii.  20 

OaUut  gUmhyiy  hybrids  of,  I.  246. 

OaihtM  iemminckiif  probably  a  hybrid, 
i.  246. 

Oattu$  varhUj  characters  and  habits  of, 
i.  246  ;  hybrids  and  probable  hybrids 
of,  1.  246. 

Galtow,  Mr.,  fondness  of  savages  for 
taming  animals,  i.  20,  ii.  144 ;  cattle 
of  Benguela,  i  91 ;  on  hereditary 
talent,  1.  451 ;  on  Pangenesis,  il.  850. 

Gambier,  Lord,  his  early  cultivation  of 
the  pansy,  i.  392. 

Game-fowl,  I.  237,  263-265. 

Gapeb,  ii.  213. 

Garoilazo  de  la  Vboa,  annual  hunts  oi 
the  Peruvian  Incas,  ii.  192. 

Garnett,  Mr.,  migratory  propemsltiat 
of  hybrid  ducks,  li«'>0. 
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Gabbod,  Dr.,  on  hendiUry  gout,  L  451. 

GlBTMBR,  on  the  itorilitj  of  hjbridi,  L 
201,  iL  79, 169;  aoqaind  tterility  of 
varieties  of  plants  when  erossed,  L 
381 ;  sterilitv  in  transplanted  plants, 
and  in  the  lilac  in  Germanj,  ii.  148 ; 
mutual  sterilitj  of  blue  and  red 
flowers  of  the  pimpernel,  ii.  173; 
supposed  rules  of  transmission  in* 
crossing  plants,  ii.  42;  on  crossing 
plants,  U.  76,  107,  111,  112;  on  re- 
peated crossing,  ii.  255 ;  absorption 
of  one  species  hj  another,  when 
crossed,  iL  65 ;  crossing  of  Tarieties 
of  the  pea,  i.  428 ;  crossing  maize,  ii. 
82;  crossing  of  species  of  FWikucym, 
ii.  71,  83;  roTersion  in  hjbrids,  ii. 
9,  23,  24;  of  Certuif  I  425;  of  2^9- 
posolum  majtu  and  mintii^  i.  425 ;  Ta- 
riability  of  hybrids,  ii.  253 ;  raria- 
ble  hybrids  from  one  rariable  parent, 
ii.  258;  graft  hybrid  produced  by 
inoculation  in  the  rine,  L  419 ; 
eflect  produced  by  grafts  on  the  stocic 
i.  418,  iL  267 ;  tendency  of  hybrid 
plants  to  produce  double  flowers,  iL 
155 ;  production  of  perfect  fruit  by 
sterile  hybrids,  iL  156 ;  mxuoI  elec- 
tive affinity,  iL  164 ;  self-impotence 
in  LobeHOf  Forkifciim,  Zitmm,  and 
PaaMflorOf  iL  117,  118 ;  on  the  action 
of  pollen,  ii.  86;  fertilisation  of 
Jfo/oo,  L  434,  iL  356 ;  prepotency  of 
pollen,  iL  171 ;  prepotency  of  trans- 
mission in  species  of  NioUkmOf  iL  43 ; 
bud-variation  in  Pelargonium  Monale, 
L  402 ;  in  (Snothera  Mnuut,  L  407 ; 
in  AchUkM  miUefoImm,  L  440 ;  effect 
of  manure  on  the  fertility  of  plants, 
ii.  147;  on  contabescence,  iL  149- 
150 ;  inheritance  of  plasticity,  iL 
227 ;  villosity  of  plants,  iL  267. 

QAflPABiiri,  a  genus  of  pumpkins, 
founded  on  stigmatic  characters,  i. 
382. 

Gauoichaud,  bud-variation  in  the  pear, 
L  401 ;  apple-tree  with  two  kinds  of 
fruit  on  branch,  i.  425. 

Gat,  on  Fragaria  arandifiara,  i.  373 ; 
on  Viola  luiea  and  iricolor,  L  392 ;  on 
the  nectary  of  Viola  grandifiora^  L 
393. 

Gatal,  domestication  of  the,  1.  86. 

Gatot.    8m  Moll. 


Geebb  (anaere9\  general  fertility  of,  la 
captivity,  iL  140. 

Okmmation  and  fission,  iL  851. 

Gbmmulbb,  or  cell-gemmules,  iL  870, 
872-377,  3Sa 

Qenbbatiox,  alternate,  iL  854,  36«% 
385. 

Gbmebation,  sexual,  iL  862-857. 

Genet,  fertility  of  the,  in  captivity,  iL 
134. 

Qesioi,  inheritance  of,  L  451. 

OmUiana  amarettoj  IL  162. 

Gfiomor  Saimt-Hilaibb,  production 
of  monstrous  chickens,  ii.  279 ;  **  Loi 
dd  r affinity  de  toipour  §oi,'*  iL  333; 
compensation  of  growth,  iL  335. 

GfiOFFBOT  Saint-Hilaibb,  Isid.,  origin 
of  the  dog,  L 16 ;  barking  of  a  Jackal, 
L  28 :  period  of  gestation  and  odour  of 
the  Jackal,  L  81 ;  anomalies  in  the 
teeth  of  dogs,  L  36 ;  variations  in  the 
proportions  of  dogs,  tUcL;  webbed 
feet  of  Newfoundland  dogs,  L  41; 
crossing  of  domestio  and  wild  cats,  1. 
46 ;  domestication  of  the  ami,  L  86 ; 
supposed  introduction  of  cattle  into 
Kurope  from  the  £ast,  ibuJL  ;  absence 
of  interdigital  pits  in  sheep,  L  99 ; 
origin  of  the  goat,  L  105 ;  feral  gf^se, 
L  200 ;  and  nt  historv  of  the  fowl, 
L  258 ;  skull  of  the  Poli»h  fowl,  L 
275 ;  preferenoe  of  the  Romans  for 
the  liver  of  white  geese,  L  305; 
polydactylum,  L  457;  assumption 
of  male  characters  by  female  bird,  iL 
26;  transmission  and  blending  of 
characters  in  hybrids,  ii.  72 ;  refusal 
of  animals  to  breed  In  captivity,  ii.' 
131 ;  on  the  Guinea-pig,  ii.  135 ; 
silkworms  producing  white  cocoons, 
iL  183;  on  the  carp,  iL  222;  on 
HeHa  laoleii^  ii.  270 ;  on  monstrosities, 
iL  241 ;  injury  to  the  embryo  a  caude 
of  monstrosity,' iL  257;  alteration  in 
the  coat  of  horses  in  coal'mines,  i\. 
268;  length  of  the  intestines  in  wild 
and  tame  animals,  iL  292,  29.i ;  in- 
heritance of  rudimentary  limbs  in 
the  dog,  iL  306;  correlation  ia 
monstrosities,  ii.  312;  supernu* 
merary  digits  in  man,  iL  314;  co- 
existence of  anomalies,  ii.  325; 
presence  of  hairs  and  teeth  in 
ovarian  tumours,  iu365;   develop- 
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meat  of  teeth  on  the  palate  in  the 
hone,  ii.  87.5. 
GnoGBAPiiiCAL  diflerenoes  of  faunas,  L 

QROLOaiOAL  svcoesrion  of  organismi, 
1.11. 

Oeraniumt  il.  88. 

QertuUum  pKaum  and  pyrentUatm,  SL 
246. 

Oerant¥m  pratense,  L  40i. 

Gerard^  awertvd  cHmatal  change  in 
Bnrgtindian  lieec,  i.  814. 

Qkrardb,  on  rarietiet  of  the  hyacinth, 
i.  804. 

GERsrXCKER,  on  hire-heee,  i.  815. 

Gkrvau,  Krof.,  origin  of  the  dog,  I. 
16 ;  reeemhlance  of  doge  and  Jackalg, 
I.  25  ;  taming  of  the  Jackal,  i.  27 ; 
nomtMr  of  teeth  in  dogs,  i.  86 ;  breeds 
of  dogs,  i.  88  ;  on  tertiary  horses,  i. 
53;  Biblical  notices  of  horses,  I.  57 ; 
species  of  Out,  i.  97;  wild  and 
domestic  rabbits,  I  107;  rabbiU 
from  Monnt  Sinai  and  Algeria,  i. 
109;  earless  rnbbits,  i.  112;  batra- 
chia  with  doubled  limbs,  ii.  385. 

GEBrrATiON,  period  of,  in  the  dog,  wolf, 
&&,  i.  80,  81 ;  in  the  pig,  i.  77 ;  in 
cattle,  i.  90,  ii.  818;  in  sheep,  i. 
101. 

Oestureb,  inheritance  of  peculiarities 
in,  i.  450. 

"0ii0O!rD0OK8'*a  sub-breed  of  fowls, 
1.241. 

Gnoit-KHVR,  ii.  17. 

Giles,  Mr.,  eflTect  of  cross-breeding  in 
the  pig,  i.  486. 

Giraffe,  co-ordination  of  structure  of, 
ii.  206. 

GiRARD,  period  of  appearao<ie  of  perma- 
nent te«th  in  dogs,  i.  86. 

Giraud-Teulon,  cause  of  short  sight, 
i.  458. 

GiBOU  i>B  BuzAREixouEB, inheritance  In 
the  horse,  i.  455 ;  reTers.on  by  age  in 
eattl",  ii.  12 ;  prepotency  of  trans- 
mission of  character  in  sheep  and 
cattle,  ii.  41 ;  on  crossing  gourds,  ii. 
86. 

GiSDURSrc,  wild  cattle  at,  i.  88. 

OhdioiMt,  i.  888;  self-impotende  of 
hybrids  of,  il.  121. 

Okuiiotuf  cihUtUt  bud-rariation  in,  i. 
407. 


Glanm,  compensatory  derelopment  of^ 
iL2dO. 

Glastoxdcrt  thorn,  i..887. 

Glehmy,  Mr.,  on  the  Cingraria^  ii.  184. 

Gloedk,  F.,  on  strawberries,  i.  875. 

Glooer,  on  the  wings  of  docks,  ii.  288. 

^  Glouglou  "  (pigeon),  i.  162. 

Otojpinia,  pelorie,  i.  389;  ii.  150. 

Gmlxin,  on  red  cats,  at  Tobolsk,  1.  49. 

Goat,  i.  105, 106,  ii.  6 ;  polydactyiism 
in  the,  i.  549;  sexual  diflerence^  in 
horns  of,  ii.  49;  ralneJ  by  South 
Africans,  ii.  198;  'lliibet,  iL  268; 
amount  of  milk  and  derelopment  of 
udders  in  the,  ii.  290 ;  hornless,  rudi* 
mentsry  bony  cores  in,  iL  806; 
Angora,  ii.  818. 

GoDiNE,  on  preiMtency  of  transmission, 
ii.  41. 

GODROsr,  odour  of  the  hairless  Turkish 
dog,  I.  81 ;  dia*erences  in  the  skull  of 
dogs,  L  85;  increase  of  breeds  of 
horses,  I.  53;  crossing  of  domestic 
snd  wild  swine,  i.  09;  on  gouts,  i. 
10.%  106 ;  colour  of  the  skin  in  fowUi, 
i.  2;i;  bftes  of  north  and  south  of 
France,!.  314;  introduction  of  the 
silkworm  into  Europe,  i.  817;  rari« 
ability  in  the  silkworm,  i.  821 ;  sup- 
posed species  of  wheat,  1.  880,  881; 
on  JSgih/iM  irUicoidn,  i.  880;  vari- 
able presence  of  barlH  in  gnuscsi  i. 
881 ;  colours  of  the  seeds  of  maixe,  i. 
839 ;  unity  of  character  in  cabbages, 
i.  842;  correlation  of  colour  and 
odour,  i.  843;  effect  of  heat  and 
moisture  on  the  cabbage,  9>kL ;  on 
the  cult ira ted  species  of  i^ixissioa,  L 
844;  on  the  RouncivAl  and  sugar 
poas,  i.  846 ;  rariation  in  the  num- 
bers of  peas  In  the  same  pod,  i.  847 ; 
wild  vines  in  Spain,  1.  852;  on 
raising  peaches  from  seed,  i.  860; 
supposed  speciiic  distinctness  oCpeacli 
and  nectarine,  i.  86 1 ;  nectarine  pro- 
ducing peaches,  i.  362 ;  on  the  Hower 
of  Corf/dalit,  ii.  886 ;  origin  and 
variations  of  the  plum,  i.  367 ;  origin 
of  the  cherry,  i.  368;  reversion  of 
single-leaved  strawberries,  i.  375; 
five-leaved  variety  of  Fnifiarin  ooltina, 
ibid.  I  supposed  immutability  of 
specific  characters,  1.  381,  882; 
varieties  of  liMuia^  I.  385;   per- 
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mniWDCj  of  th«  timplo-leared  ash,  L 
886;  Bon-inheritiinoe  of  oertaim 
routilHtiooa,  i.  466;  trtid  toraips, 
carrots,  and  celery,  ii.  7 ;  peloria,  U. 
84 ;  prenotency  of  a  goat-iike  mm, 
it  41;  beaeiit  of  ehaa^  of  soil  to 

Slants,  ii.  128;  fertility  of  pelorio 
owers  of  Corydalii  aolUUt,  ii,  l&O; 
seed  log  of  ordinarily  seedless  fruit, 
ii.  152;  sexval  sterility  of  plants 
propagated  by  buds,  &c,  ii.  158 ;  in- 
crease of  sugar  in  lieet-root,  ii.  185 ; 
effects  of  Kelection  in  enlarging  par- 
ticular parts  of  plants,  ii,  2u2; 
growth  of  the  cabbage  in  the  tropics, 
ii.  267 ;  rejection  of  bitter  almonds 
by  niice,ii.  218;  influence  of  marshy 
pasture  on  the  fleece  of  sheep,  ii.  268 ; 
on  the  ears  of  nuclent  Kgyptlan  pig% 
ii.  291 ;  primitive  distinctness  of 
species,  ii.  410;  solid-hoofed  swine, 
ii.424. 

GoKTiiK,  OB  compensation  of  growth, 
ii.  335. 

Gold-fish,  i.  312, 313,  ii.  232. 

CtoMARA,  on  Soutii  American  cats,  I. 
4H. 

OoNOOiUL,  number  of  seeds  in  the,  ii. 
873. 

Goodman,  thiee-toed  cows,  i.  450. 

GoosK,  ancient  domestication  of,  1.  302; 
sacred  to  Juno  in  Rome,tfriii. ;  inflexi- 
bility of  orgaolsation  of,  i.  803 ;  skull 
perforated  in  tufted,  ibid.;  charac- 
ters of  breeds  and  sub-breeds  of,  i. 
303, 30  V ;  rariety  of,  from  Sebastopol, 
i.  804,  ii.  886 ;  feral,  in  U  Plata,  i. 
199 ;  Egyptian,  hybrid  of,  with  pen- 
guin duck,  ii.  48 ;  spontaneous 
segregation  of  rarieties  of,  ii.  82; 
fertility  of,  increased  by  domestica- 
tion, ii.  00;  decreased  fertility  of,  in 
Bogota,  Ii.  145;  sterility  of.  In  the 
Philippine  Islands,  i}i^,;  selection 
of,  ii.  188;  white,  preference  of  the 
Romans  for  the  liver  of,  ii.  104; 
persistency  of  characer  in,  ii.  241; 
Eryptlsn,  change  in  breeding  season 
of,  ii.  294. 

GoosBDKRar,  1. 876-378;  bud-rariation 
in  the,  i.  400;  Whitomith's,  ii. 
218. 

OoPPERT,  on  monstrous  poppies,  ii.  150. 

Goms,  P.  H.,  feral  dogs  in  Jamaica,  i. 


28;  fernl  pigs  of.  Jamaica,  i.  80; 
feral  rabbits  of  Jamaica,. i.  116 ;  on 
CUunAj  lewcoo$p/»ah^  i.  19'2;  feral 
Guinea  fowl  in  Jamaica,  1.  190 ;  re- 
production of  individual  peculiarities 
by  gemmation  In  a  coral,  i.  808; 
frequency  of  striped  legs  in  mnles, 
ii.  16, 

Gould,  Dr.,  on  hereditary  hsBmorrhage, 
L46i. 

GoniJ>,  JouK,  origin  of  the  iorkey,  1. 
808. 

Qonra  eorotiata  and  VhtoritCy  hybrids 
of,  i.  208,  ii.  188. 

Gounos,  i.  381 ;  crossing  of  rnrietios  of, 
Ii.  8>>;  ancient  Peruvian  variety  ol^ 
ii.  425. 

Gout,  inheritance  of,  i.  451 ;  period  of 
appearance  of,  ii.  54. 

Graba,  on  the  pigeon  of  the  Faroe 
Islands,!.  10^ 

Gkaftisio,  ii.  129 ;  effects  of,  ii.  24€, 
207;  upon  the  stock,  i.  413-422; 
upon  the  variability  of  trees,  ii.  246 ; 
changes  analogous  to  bud-Taiiation 
produced  by,  i.  41.3,  415. . 

Grapt-U  YDR1D8,  i.  413, 41 7-422,  ii.  860. 

Grapes,  bud-variation  in,  i.  809 ;  cross 
of  ^  lute  and  purple,  i.  419 ;  green, 
lliiblo  to  disease,  ii.  830;  oflbct  of 
foreign  pollen  on,  i.  430. 

Gbassks,  seeds  of,  used  as  food .  by- 
siivnges,  i.  824-326. 

Gray,  Asa,  superior  wild  varieties  of 
fruit-trees,  i.  327 ;  cultivated  native . 
plants  of  North  America,  i.  829, 880 ; 
non-variation  of  weeds,  i.  835 ;  sup- 
posed spontaneous  crossing  «>f  Cucur- 
.  bitacesB,  i.  4.'t0;  pre-ordination  of 
variation,  ii.  428;  progeny  of  husked 
form  of  maize,  i.  339;  wild  inter- 
mediate forms  of  strawberries.  I.  .i73. 

Gray,  G.  R.,  on  Coiumifagymnocyclui^  u 
193. 

Gray,  J.  E.,  on  Sui  pliciotps,  i.  72 :  on 
a  variety  of  the  gold-fish.  l.  313; 
hybrids  of  the  m<  and  sebra,  ii.  16, 
17;  on  the  bree«ling  of  animals  at 
Kaowsley,  ii.  131;  on  the  breeding 
of  birds  In  captivity,  ii.  140. 

Grkcmb,  J.  Reay,  on  the  de%*elopment 
of  the  echinodermatn,  Ii.  862. 

Grbi£NIIOW,  Mr ,  on  a  Canadian  web* 
footed  dog,  i  41. 


(56 


QREiailHO 


INDEX. 


BARB. 


Gbbvn  IN<},  Mr.,  ezperimento  on  Abnuxu 

gr^uuiarkUOt  ii.  270. 
Qbbosov,  Mr.,  ez|i«rimenti  on  Ahrtufot 

gromUariata^  it.  270. 
Qrbt,  Sir  Gborgb,  prcMnrmiion  of  lood- 

boaring  planta  by  tho  AiutralUui  m- 

ragot,  L  827 ;  detestation  of  inoest  bj 

Auatnllan  aaTagea,  iL  103. 
Gbbyhounds,  scttlptnred  on  Egyptian 

monnmente^  and  in  the  Villa  of  Anto- 

niniu,  L  17 ;  modem  breed  of,  L  43 ; 

cnMMd  with  the  bulldog,  bj  Lord 

Orford,  ii.  73 ;  cloee  interbreeding  oi, 

Ii.  100;   co-ordination  of  itrnctnre 

of,  due  to  aelection,  ii.  206,  207 ; 

Italian,  ii.  212. 
Qrbynem,  inherited  at  oorreaponding 

period!  of  life,  ii.  53. 
Oriisvb,  Mr.,  on  earl  j-ilowering  dahlias, 

i.  394. 
Griqor,  Mr.,    acdimatisation    of   this 

Scotch  fir,  ii.  300. 
GRdMLAND,    hybrids  of   JEgihpt  and 

wheat,  ii.  88. 
Groom-Napibr,  G.  0.,  on  the  webbed 

feet  of  the  ottar-hound,  i.  41. 
Gros,  on  Pangenesis,  ii.  850. 
<*  GRoasBB-ooRGia  "  (pigeons),  i.  143. 
Groumiktumbler,  Indian,  i.  157. 
Groijsb,  fertility  of,  in  captivity,  ii. 

139. 
Qrvi  nunttgreskif  dnerea,  and  anttganef 

ii.  140. 
GuAVAOOi,  selection  of,  U.  192. 
Gqaxs,  general  fertility  of,  in  captirlty, 

ii.  139. 
GUBLDBR-ROra,  Ii.  169. 
GUBr.DKRLAND  fowls,  1.  241. 

Guiana,  selection  of  dogs  by  the  Indians 

of,  ii.  191. 
GciMBA  fowl,  1.  310 ;  feral,  in  Ascension 

and  Jamaica,  i.  200,  ii.  7;  indilTer- 

ence  of,  to  change  of  climate,  ii.  145. 
GniNBA  pig,  i.  467,  ii.  135.. 
GDLDENflTADT,  on  the  jacl[al,  i.  25. 
OvvLf  herring,  breeding  in  confinement, 

ii.  141. 
Guixs,  general  starllity  of,  in  captiVity, 

ii.  141. 
OtUo,  starility  of,  in  captivity,  ii.  134. 
GOmthbr,  a.,  on   tufted  duclcs   and 

Kese,  i.  289 :  on  the  regeaeration  of 
it  porta  in  batrachia,  ii.  358. 
GoRMEr,  Mr.,  owls   breeding  in  cap- 


tivitr,  ii.  137 ;  I4>pe«ranc«  of  *<  blaclc 
shouldered "  among  ordinary  pea* 
ooclcs,  i.  306. 

Habit,  influence  of,  in  aeclimntisation, 
ii.  8^2-805. 

HXoKBii,  on  fissiparons  reproduction,  ii. 
357 ;  on  cells,  ii.  366 ;  on  the  double 
reproduction  of  medusss,  ii.  879 ;  on 
inheritance,  ii.  391. 

HAOKLEfl^  peculiarities  of,  in  fowls,  L 
266. 

Hair,  .on  the  face,  inheritance  of,  in 
roan,  i.  449:  peculiar  locic  of,  in<- 
herited,  ibid.:  growth  of,  under 
stimulation  of  skin,  ii.  319 ;  homo- 
logous variation  of,  ii.  318 ;  develop- 
ment of,  in  the  brain,  ii.  386. 

Hair  and  teeth,  correlation  of,  iL  319- 
321. 

Hairv  family,  corresponding  period  of 
inheritance  in,  iL  53. 

Halt-oastes,  characUr  of,  ii.  21. 

Half-lop  rabbits,  figured  and  described, 
L  111,112;  sIcttU  of,  L  124. 

HalUBtua  levooeephaluSf  copulating  in 
captivity,  iL  137. 

Hallam,  Col.,  on  a  two-legged  race  of 
pigs,  i.  448. 

Hallbt,  Major,  selection  in  cereals,  i. 
184;  on  pedigree  wheat,  L  832. 

Hamboroh  fowl,  L  238,  274 ;  figured, 
L  239. 

Havilix^n,  wild  cattle  of,  i.  87. 

Uamilton,  Dr.,  on  the  assumption  of 
male  plumage  by  the  hen  pheasant, 
iL  26. 

Hamiltoit,  F.  BnOHANAN,  on  the  shad- 
doclc,  i.  355 ;  varieties  of  Indian  culti- 
vated plnnts,  ii.  243. 

Hanoock,  Mr.,  sterility  of  tamed  birds, 
iL  138,  140. 

Handwriting,  inheritance  of  pecu- 
liarities in,  i.  449. 

Hanukr,  Sir  J.,  on  selection  of  flower- 
seeds,  ii.  188. 

Haksrll,  Mr.,  inheritance  of  dark  yolks 
in  duck's  eggs,  L  295. 

Harooort,  K.  v.,  on  the  Arab  boar- 
hound,  L  18;  aversion  of  the  Arabs 
to  dun-coloured  horses,  L  58. 

Hardt,  Mr.,  eflect  of  excess  of  nourish- 
ment OS  planto,  ii.  244. 

Harb,  hybrids  of,  with  rabbit,  L  109 ; 
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•tttilitj  of  the,  in  coofinmneiift,  ii. 
135;  prefonnoa  of,  for  parUcalar 
plants,  it  218. 

Habb-up,  inberitanco  of,  L  466. 

Harlan,  Dr.,  on  hereditarr  dineaaefl,  i. 
451. 

Hartman,  on  the  wild  aas,  L  65. 

llARVEr,  Mr.f  moBatrons  red  and  ifhite 
African  ball,  i.  95. 

Harvbt,  Prof.,  singular  form  otB^gotUa 

.  frigida^  i.  889 ;  effects  of  cross-brood- 
ing on  the  female,  i.  486 ;  monstroos 
saxifrage,  ii.  150. 

Hasora  wheat,  i.  881. 

Hautbou  strawberrj,  L  875. 

Hawiceb,  Col.,  on  call  or  decor  dnclcs, 
i296. 

Hawthorn,  Tarieties  of,  i.  885, 887 ;  py* 
ramidal,  i.  885 ;  pendulous  hybridised, 
i.  461 ;  ch.nnges  of,  by  age,  L  887, 
418;  bud-Tariation  in  the,  i.  402; 
flower  buds  of,  attacked  by  bull- 
finches, ii.  217. 

Hayes^  Dr.,  character  of  Esquimaux 
dogs,  i.  22. 

Hatwood,  W^  01  the  feral  rabbits  of 
Porto  Santo,  i.  117. 

Hazsl,  purple-leaved,  i.  885,  419,  ii. 
824. 

Head  of  wild  boar  and  Yorkshire  pig, 
figured,  i.  75. 

Head  and  limbn,  correlated  rarLibility 
of,  ii.  815. 

Headache,  inheritance  of,  iL  55. 

Heartsease,  L  891-893 ;  change  pro- 
duced in  thci  by  transplantation,  i. 
418 ;  reversion  in,  ii.  4, 22 ;  effects  of 
selection  on,  ii.  184 ;  scorching  of,  ii. 
214 ;  effects  of  seasonal  conditions  on 
the,  ii.  268 ;  annual  varieties  of  the, 
ii.  295. 

Heat,  effect  of,  upon  the  fleece  of  sheep, 
i.  102. 

Heber,  Bishop^  on  the  breeding  of  the 
rhinoceros  in  captivity,  ii.  132. 

Hebrides,  cattle  of  the,  i.  84 ;  pigeons 
of  the,  L  192. 

Haser,  0.,  on  the  plants  of  the  Swiss 
lake-dwellings,  i.  826,  Ii.  200,  422 ; 
on  the  cereals,  i.  885-837;  on  the 
peas,  i.  845 ;  on  the  vine  growing  in 
Italy  in  the  Bronxe  age,  i.  852. 

Hbiuann,  potato-grafting,  i.  422. 

JJdix  hctea,  il  270. 


EemerooaUiifuloa  and  fiata^  interchang* 
ing  by  bud-varistion,  i.  412. 

Hemlooe,  yields  no  oonicine  in  Scotlimd^ 
ii.  264. 

Hemp,  differences  of,  in  various  parts  of 
India,  ii.  148;  climatal  difference  in 
products  of,  ii.  264, 

Hrmfsbbd,  effect  o(  upon  the  colour  of 
birds,  ii.  269. 

Hermaphrodite  flowers,  occurrence  of, 
in  maixe,  i.  839. 

Hen,  assumption  of  male  characters  by 
the,  ii.  26,  29 ;  development  of  spurs 
in  the,  il  810. 

**  Hennibb^"  oi  hen-like  male  fowls,  1. 
264. 

Henrt,  T.  a.,  a  variety  of  the  ash  pro- 
duced by  grafting,  i.  418 ;  crossing 
of  species  ox  Rkododandron^tiaii  Archis^ 
i.  481. 

Henslow,  Prof.,  individual  variation  in 
wheat,  i.  332 ;  bud-variation  in  the 
Austrian  bramble  rose,  i.  406  ;  partial 
reproduction  of  the  weeping  ash  by 
seed,  i.  462. 

Hepatioa,  changed  by  transplantation, 
L412. 

Herbert,  Dr.,  variations  of  Viola 
gfXMdifiorOj  L  392 ;  bud-variation  in 
camellias,  i.  401 ;  seedlings  from 
reverted  CytiiUi  odami^  i.  414; 
crosses  of  Swedish  and  other  turnipe, 
ii.  71 ;  on  hollyhocks,  ii.  185;  breed- 
ing of  hybrids,  ii.  112;  self-impotence 
in  hybrid  hippeastrums,  ii.  120, 121 ; 
hybrid  GladMw,  ii.  121 ;  or  Zephifr- 
tttUhsi  oanoHda,  ii.  147 ;  fertility  of 
the  crocus,  ii.  148 ;  on  oontabescence, 
ii.  149;  hybrid  Rhododendron,  ii. 
253. 

Hebcolaneum,  figure  of  a  pig  found 
in,  i.  71. 

Heron,  Sir  R.,  appearance  of  "  black- 
shouldered"  among  ordinary  pea- 
cocks, i.  306, 807 ;  non-inheritance  of 
monstrous  characters  by'gold-flsh,  i. 
813 ;  crossing  of  white  and  coloured 
Angora  rabbits,  ii.  70;  crosses  of 
solid-hoofed  pigs,  ibid, 

B«rpe9te$  f<UGia.u»  and  griaetu^  ii.  184. 

HeubinobB,  on  the  sheep  of  the  Taren- 
tino,  ii.  212;  on  correlated  constitBt 
tional  peculiarities,  ii.  881. 

Hswrrr,  jfr.,  reversion  in  bantam  cocks, 
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i.  251 ;  deg<*c«niUoii  of  lilk  fowls,  I. 
255;  imrtiftl  sterilUjr  of  hen'like 
iimIq  &w1«,  I.  2B5;  prodoction  of 
tnilej  chickens  br  nimpless  fowls,  i. 
271;  on  tuning' ani  resring  wiU 
dncks,  i.  292,  ii.  219, 250 ;  conditions 
of  inhoritnnoo  in  Isced  Sebrtght  bnn- 
tams,  i.  463;  rercivion  in  zumpleis 
fowls,  iL  i ;  Torersion  in  fowls  by 
age,  ii.  13 ;  hybrids  of  pheasant  and 
fowl,  ii.  19,  43;  assumption  of  male 
ohanicters  by  female  pheasants,  ii. 
26;  derelopmeotof  latent  characters 
in  a  barren  bantam  hen,  ii.  20; 
mongrels  from  the  silk-fowl,  ii.  42 ; 
effects  of  close  inter-breeding  on  fowls, 
ii.  105,  106;  on  feather-legged 
bantams,  ii.  314. 

IIIUDERT,  Mr.,  on  the  pigs  of  the  Shet- 
land Islands,  i.  74. 

Iliiiisoaa.    Sea  ParitiuTi, 

IIlOiiLAXO  cattle,  descended  fVom  Bo» 
hniifrOHS^  i.  85. 

HiLDKDRAND,  l>r.,  on  gmft-hrbrids 
with  the  potato,  1.  420;  on  the  in* 
fluence  of  ]N>llea  on  the  mother-plant, 
L  430 ;  on  the  fertilisation  otOrchklom^ 
i.  434, 435 ;  occasional  necessary  cross- 
ing of  plants,  ii.  68;  on  seeds  not 
fittol  for  distribution,  i.  330 ;  potato- 
gnifting,  i.  420 ;  crossing  of  varieties, 
ii.  8 J ;  on  PrUmUaMmnuitKaA  OxaliM 
rosM,  ii.  113;  on  Co'iidcUu  taoOf  ii. 
113,114. 

HiLU  It.,  on  the  Aleo,  i.  32;  feral 
rabbits  in  Jamaica,  i.  116;  feral  pea- 
.  cocks  in  J.imnica,  i.  200 ;  Tnriation  of 
the  Guinea  fowl  in  Jamaica,  i.  310; 
sterility  of  tamed  birds  in  Jamaica, 
ii.  138,  140. 

Himalaya,  range  of  gallinaoeons  birds 
in  the,  i.  249. 

HiAiALAVAN  rabbit,  I  112,  ll.'^llS; 
skull  of,  i.  125. 

IliMALATAM  sheep,  i.  98. 

ili.MDV  Aas;i,  Mr.,  on  ChiUingham  cattle, 
i.  83 

«  Hixkel-Tauob,**  1. 149, 150. 

Ilixxr  and  mule,  difference  of,  ii.  43. 

JIif>parkm,  anomalous  resemblance  to,  la 
horses,  i.  52. 

mppetutrum,  hybrids  of,  ii.  120, 121. 

HiVk>DEm,  ancient  domestication  of,  i. 
313 ;  breeds  of,  L  314 ;  smaller  when 


produced  in  old  combs,  iMij*  rartn- 
bility  in,  i.  315 ;  crossing  of  Liguriaa 
and  common,  i'ddL 
HouiB,  FisuEtt,  on  interbreeding  pigs,  iL 

''Hooker-Tauoe,*' i.  148. 

HoDQKiN,  Dr.,  on  the  attraction  of  fozee 
.  by  a  female  Dingo,  i.  82 ;  origin  of 
the  Newfoundland  dog,  i.  44 ;  trans- 
mission of  a  peculiar  lock  of  hair,  I. 
449. 

HoDoaosr,  Mr.,  domestication  of  Cakit 
pn'mTvm,  i.  27;  development  of  a 
iiah  digit  in  Thibet  mastiffs,  i.  37  ; 
number  of  ribs  in  humped  cattle,  i. 
83 ;  on  the  sheep  of  the  Himalaya, 
i.  98 ;  presence  of  four  mammn  in 
sheep,  i.  09 ;  arched  nose  in  sheep, 
ibid. ;  measurements  of  the  intestines 
of  goats,  1.  106 ;  presence  of  inter- 
digital  pits  in  goats,  ibid, ;  disuse  a 
cause  of  drooping  ears,  ii.  291. 

Hofaokkr,  |)ersistency  of  colour  in 
horses,  i.  53, 1.  464 ;  production  of 
dun  horses  from  iwreuts  of  different 
colours,  i.  62 ;  inlieritance  of  iwcull- 
arities  in  handwriting,  i.  450 ;  henKlity 
in  a  one  horned  stag,  I.  456 ;  on 
consanguineous  marriages,  it.  10.1. 

Hoffman,  I'rof.,  on  IfapAanus,  i.  345. 

Hoo,  Red  KtTcr,  ii.  133. 

Hooo,  Mr.,  retardation  of  breeding  in 
cows  by  hard  living,  ii.  90. 

Holland,  Sir  H.,  necessity  of  in- 
lieritance, i.  446;  on  hereditary 
diseases,  i  451 ;  hereditary  i>ecu- 
liarity  in  the  eyelid,  i.  452;  morbid 
uniformity  in  the  same  family,  i.  459 ; 
transmission  of  hydrocele  through 
the  female,  ii.  27 ;  inheritance  of 
habits  and  tricks,  ii.  389. 

Holly,  Vitrieties  of  the,  i.  384,  385; 
bud-rever»ion  in,  i.  4C>9;  yellow 
berried,  i.  462,  ii.  216. 

Hollyhock,  buJ-vari.ition  in,  i.  402; 
non-crossing  of  doub'e  rarietlei  oi| 
Ci.  85 ;  lender  variety  of  the,  iL 
301. 

Homer,  notice  of  ge?8e,  i.  302;  breed- 
ing of  the  horses  of  ^nens,  ii.  186. 

UoMOLOOOUS    parts,   correlated   varia- 
bility   of,     ii.     314-325,   346,  347 ; 
fusion  of,   ii.    33 J ;    aflinity  of,   U 
333,  334. 
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IIOOFI,  correUtod  irith  hair  in  ruria* 
tioB,  ii.  81.8.  . 

IIOOK-01LLEO  duck,  .ikull  figared,  i. 
207. 

UOOKKR,  T>r.  J.  p.,  forked  shonlder- 
stripe  in  Syrian  asses,  i.  67 ;  Toice  of 
the  cock  in  Sikkiro,  i.  272 ;  use  of 
Arum-roots  as  food,  L  S24;  natire 
Useful  plants  of  Australia,  i.  828; 
wild  walnut  of  the  Hinuilaytts,  L 
870;  rariety  of  the  plane-tree,  i. 
886;  production  of  Thuja  orietitalii 
from  seeds  of  T,  penduia,  ibid.; 
singular  form  of  Betjonia  frigidjy  i. 
88U;  reversion  in  plants  run  wild, 
ii.  7 ;  on  the  sugar-cane,  ii.  158;  on 
Arctic  plants,  ii.  244 ;  on  the  oak 
grown  at  the  Oipe  of  Cbod  Hope,  ii. 
264;  on  Rhododendron  efiiat^im,  ii. 
267 ;  stock  and  mignonette  perennial 
in  Tasmania,  ii.  293. 

UuPKiRK,  Mr.,  bud-rsriation  in  the 
rose,  i.  406;  in  MirabUit  jalapa^  i. 
407  ;  in  Contoltuyu  trioohr,  i.  440. 

HoRXiiKAM,  hcterophrllotts,  i.  885. 

Borneo  fowl,  i.  241*;  skull  figured,  i. 
270.  • 

IIOftXLEflB  cattle  in  Pamguay,  i.  92. 

UORNS  of  sheep,  i.  08 ;  correlation  of, 
with  fleece  in  sheep,  ii.  818;  corre- 
lation of,  with  the  skull,  lU  827; 
rudimentary  in  young  |N>lled  cattle, 
ii.  806;  of  goats,  i.  h^, 

BcR8F]B,  in  Swiss  lake^wellings,  I.  5t ; 
diflerent  breeds  of,  in  Malay  Archi- 
pelago, iWL  ;  anomalies  in  osteology 
and  dentition  of,  i.  52;  mutual 
fertility  of  different  breeds,  i.  58; 
feral,  L  54;  habit  of  scraping  away 
snow,  i.  56 ;  mode  of  production  of 
breeds  of,  i.  57;  inheritance  and 
dirersity  of  colour  in,  1.  59;  dark 
stripes  in,  i.  58-63,  ii.  343;  dun- 
colonred,  origin  of,  i.  61 ;  colours  of 
feral,  i.  63,  64;  effect  of  fecundation 
by  a  quagga  on  the  subsequent  pro- 
geny of,  i.  4^i5 ;  inheritance  of  pecu- 
linrities  in,  i.  454, 456  ;'polvdactylism 
in,  i.  459 ;  inheritance  of  colour  in, 
i.  465 ;  inheritance  of  exostoses  In 
legs  of,  i.  460;  reversion  in,  ii.  6, 
15;  hybrids  of,  with  ass  and  zebra, 
ii.  16 ;  prepotency  of  transmissinn  in 
the  sexes  of,  ii.  40 ;  segregation  of, 


In  Paraguay,  ti.  80 ;  wild  species  of^ 
breeding  in  captivity,  ii.  132 ;  curly, 
in  Paraguay,  ii.  180,  818;  selection 
of,  for  triiling  characters,  ii.  195; 
unconscious  selection  of,  ii.  197, 198 ; 
natural  selection  in  Circassia,  ii.  210; 
alteration  of  coat  of.  In  coal-mines, 
ii.  268 ;  degeneration  of,  in  the  Falk* 
land  Islands,  ii.  267;  diseases  of, 
caused  by  shoeing,  11.  290;  feeding 
on  meat,  ii.  294;  white  and  white- 
spotted,  poisoned  by  mildewed  vetches, 
ii.  831;  analogous  variations  in  the 
colour  of,  II.  841 ;  teeth  developed  on 
palate  of,  ii.  885 ;  of  Bronze  period 
in  Denmark,  ii.  423. 

HOBSts-ouEflTMCTr,  early,attheTuileries, 
i.  886 ;  tendency  to  doubleness  in,  iL 
152. 

HoRBK-RADXSn,  general  sterility  of  the, 
it  154. 

^'HouDAX,"  a  French  sub-breed  of 
fowls,  I  241. 

Howard,  C,  on  an  Egyptian  monument, 
i.  .17;  on  crossing  sheep,  ii.  73, 
99. 

Huo,  on  the  Emperor  Khang-hi,  ii. 
189 ;  Ghiiiese  varieties  of  the  bam* 
boo,  ii.  243. 

HnsiWLOT,  A.,  character  of  the  Znm- 
b«i,  ii.  21 ;  ])armt  speaking  in  the 
language  of  an  extinct  tribe,  ii,  138; 
on  Pukx  petutraii*^  Ii.  265. 

HuuiDirr,  injurious  effect  of,  upon 
horses,  i.  55. 

HuMPURKYB,  Col.,  on  Ancon  sheep,  L 
10*. 

HuMGARiAN  cattle,  i.  84. 

HusTTBR,  JoHK,  period  of  gestation  in 
the  dog,  i.  80 ;  on  secondary  sexual 
characters,  i.  188;  fertile  crossing 
of  Anaer  fenu  and  the  domestic 
goose,  i.  8(i8;  inheritance  of  |)ecu- 
fiaritios  in  gestures,  voice,  &c,  1. 454> ; 
assumption  of  male  characters  by 
the  human  female,  II.  26;  period  of 
ap|iearance  of  hereditary  dijieases,  ii. 
54 ;  graft  of  the  spur  of  a  cock  upon 
its  comb,  ii.  281;  on  the  stomach  «f 
Laru$  irideniatu*,  ii.  292. 

Hunter,  W.,  evidence  against  the  in- 
fluence of  imagination  upon  thf 
offspring,  ii.  251. 

HDm,  Mr.,  dose  interbreeding  of  rabbits 
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ii.  100;  eonsanguineooi  marriages, 
103. 

nunoN,  Capt,  on  the  yariabilitj  of 
tha  ailk  moth,  I.  830 ;  on  tha  nnmber 
of  special  of  ailk  worms,  i.  816; 
markings  of  silkworms,  i.  818 ;  do- 
maatloation  of  tha  rock-plgaon  in 
India,  i.  194;  doroastication  and 
erosaing  of  Oalhu  bankiva,  I  248; 
rerarsion  In  goats  from  a  cross,  ii. 
19. 

HoToinmov,  Col.,  llabilitj  of  dogs  to 
distampar,  I.  87. 

HuxLicr,  Prof.,  on  tha  transmission  of 
polydnctyllsm,  1. 457 ;  on  unconscious 
selection,  11.  178;  on  correlation  in 
the  mollnsca,  ii.  812;  on  cemmation 
and  fission,  it  851;  dereiopment  of 
star-fishes,  Ii.  862. 

HYAOiMTitt,  i.  894-396 ;  bad-rariation 
in,  i.  41 1 ;  grafb'hjrbrld  hj  union  of 
half  bulbs  of,  1.  419 ;  white,  repro- 
duced bjrseed,  1.  463;  red,  H.  215, 
830;  Tarieties  of,  recognisable  by 
the  balb,  ii.  238. 

HrAOiMTii,  feather,  ii.  169,  806. 

Jfyacinthu$  orientaiii,  i.  894. 

Hifbiacui  tyriacva^  IL  277. 

Hybrim,  of  hare  and  rabbit,  1.  109; 
of  rarious  species  of  QaUutf  L  245- 
248 ;  of  almond,  peach,  and  nectarine, 
L  359 ;  naturally  produced,  of  species 
of  Cjfiisuif  L  413 ;  fVom  twin-seed  of 
Fiieh$ia  cooomoa^  and  fubfeiUj  i.  426 ; 
roTersion  of,  L  425,  426, 11.  9,22-24; 
from  mare,  ass,  and  zebra,  il.  16 ;  of 
tame  animals,  wildness  of,  11.  19,  20; 
female  instincts  of  sterile  male,  ii. 
27;  transmission  and  blending  of 
characters  in,  Ii.  69-73 ;  breed  better 
with  parent  species  than  with  each 
other,  ii.  112;  self-impotence  in,  ii. 
1 19-121 ;  readily  produced  in  cap- 
tivity, ii.  133. 

Hybridisation,  singular  eflfecta  of.  In 
oranges,  i.  357 ;  of  cherries,  1.  369 ; 
difficulty  of,  In  Ck^iiHtto,  U  381 ; 
of  roses,  i.  390. 

llrnRiDiSM,  11.  162-165;  the  cause  of 
a  tendency  to  double  dowers,  Ii.  156 ; 
in  relation  to  Pangenesis,  11.  881. 

Hybridity  in  cats,  1. 46,  47 ;  supposed, 
of  peach  and  nectarine,  i.  363. 

Hjfdra,  1.  398, 11.  283,  352. 


Hydrangea,  colour  of  flowers  o(  in- 
fluenced by  alum,  ii.  267. 
Hydrocele,  II.  27. 
Hydroobphaldb,  iL  285. 
IJyperioum  OBdydmant  il.  154. 
Hyperioum  criajntm,  11.  212,  331. 
HYPERMBTAMORPH08I8,  11.  863. 

Hypermetbopia,  hereditary,  i.  452. 

lOirrnYOFTKRYOiA,  number  of  digita 
in  the,  11. 16. 

TZir  ogvi/o/min,  I.  462. 

iKAQiNATioif,  supposed  oflect  of,  OB 
offspring,  ii.  251. 

ImaiophyUum  mtAKxtwii,  bud-rariation 
in,  L  411. 

Incest,  abhorred  by  savages,  ii.  103. 

Incubation,  by  oroased  fowls  of  non- 
sitting  varietiea,  IL  18. 

India,  striped  horses  of,  i.  61 ;  pigs  of, 
i.  69,  80;  breeding  of  rnbbita  in,  i. 
116;  cultivation  of  pigeons  in,  1. 
215. 

Individual  variability  In  pigeons,  i 
166-168. 

Inqledew,  Mr.,  cultivation  of  Euro- 
pean vegetables  In  India,  Ii.  153. 

**Imdi8CHE  Taube,**  L  151. 

INIIKRITANOB,  1.  445-473,  ii.  366-369, 
396;  doubts  entertained  of^  by 
some  writers,  L  446 ;  importance  oi^ 
to  breeders,  1.  440,  447  ;  evidence  of, 
derived  ttom  statistics  of  chances,  1. 
449 ;  of  peculiarities  in  man,  i.  449- 
451, 457-460 ;  of  disease,  i.  451, 452, 
460 ;  of  peculiarities  in  the  eye,  1. 452- 
454;  of  deviations  from  symmetry^ 
1 457  ;  of  polydactylUm,  1. 457-460 ; 
caprtciousness  of,  i.  460-465 ;  of  muti- 
lations, 1*466;  of  congenital  monstro- 
sities, ind,;  causes  of  absence  of,  1. 467- 
472 ;  by  reversion  or  atavism,  11.  1- 
36 ;  its  connection  with  fixedness  of 
character,  ii.  37-39 ;  affected  by  pre- 
potency of  transmission  of  character, 
11. 40-47 ;  limited  by  sex,  ii.  47-51 ;  at 
corresponding  periods  of  life,  ii.  51- 
57 ;  summary  of  the  subject  of,  11.  57- 
61 ;  laws  of,  the  same  in  seminal  and 
bud  varieties,  1.  442 ;  of  characters 
in  the  horse,  I.  53  ;  In  cattle,  1.  90 ; 
in  rabbiU,  I.  Ill ;  in  the  peach,  L  360 ; 
in  the  nectarine,  ibidLf  In  plums,  1. 
368;    In    apples,  1.  372;    in  pears. 
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4bL  ;  in  the  l«iisj,  i.  803 ;  of  prl- 
mtaj  characten  of  Cotumba  Ucia  in 
eroMod  pigeons,  i.  211;  of  pecu* 
liaritiei  of  plumage  in  pigeo&i,  L  169, 
170;  of  pecaliaritiet  of  foliage  in 
treei,  L  385 ;  effeeta  of^  in  Tarieiies 
of  the  cabbage,  i«  344. 

iMflAMiTir,  inkeritanoa  of,  L  451,  ii. 
55. 

Imsboib,  regeneration  of  lott  parts  in,  L 
358,  iL  284 ;  agency  of,  in  fecundation 
of  larkspurs,  i.  464 ;  effect  of  changed 
conditions  upon,  ii.  141 ;  sterile 
neuter,  iL  171;  monstrosities  in,  iL 
257,  385 

iKsniiOXB,  defectire,  of  silkworms,  i. 
820. 

Inte&drbkdiro,  close,  ill  effects  of,  ii. 
92-111,  159. 

InTERCRoeBiliO,  of  species,  as  a  cause  of 
Tariation,  i.  197;  natural,  of  plants, 
i.  356;  of  species  of  Canlda  and 
breeds  of  dogs,  L  82-34 ;  of  domestio 
and  wild  cats,  i.  46, 47 ;  of  breeds  of 
pigs,  L  74,  81 ;  of  cattle,  L  86;  of 
varieties  of  cabbage,  i.  348 ;  of  per,s, 
L  345,  348,  349;  of  Tarleties  of 
orange,  i.  357 ;  of  species  of  straw- 
berries, i.  373,  374:  of  CucurMiir,  i. 
880, 381 ;  of  flowering  plants,  1. 888 ; 
of  pansies,  i.  392. 

IHTKRDioiTAL  pits,  in  goats,  i.  106. 

IMTBRMAIIRIAOEB,  cloSO,  ii.  102,  103. 

]HTE«nNE8,  elongation  of,  in  pigs,  i. 
77;  relatiTO  measurement  or  parts 
of,  in  goats,  L  106 ;  effects  of  changed 
diet  on,  iL  292. 

Ipomcn  purpurM,  iL  108. 

Ireland,  remains  of  Bot  frontonu  and 
kngifrona  found  in,  i.  85. 

IRIB,  hereditary  absence  of  the,  L  454 ; 
hereditary  peculiarities  of  colour  of 
the,  ibid, ;  Tariation  of,  L  412. 

Irit  xiphiumt  L  412. 

iRiiH,  ancient,  selection  practised  by 
the,  iL  187. 

IltOH  period,  in  Europe,  dog  of,  i.  18. 

18LA1TD8,  oceanic,  scarcity  of  useful 
planU  on,  L  328. 

ISLAr,  pigeons  of,  L  193. 

IsOLATiOM,  effect  of,  in  favour  of  selec- 
tion, U.  219,  220. 

Italy,  vine-growing  in,  during  the 
Bronae  period,  L  352. 


Irr,  sterility  of,  in  the  norih  of  Europe, 
iL154. 

Jack,  Mr.,  effect  of  foreign  pollen  on 
grapes,  L  430. 

Jackal,  L  25,  28,  81 ;  hybrids  of,  with 
the  dog,  L  83 ;  prepotency  of,  over 
thi>  dog,  iL  43. 

JA0K80M,  Mr.,  white-footed  cats,  II 
816. 

Jaoodik  pigeon,  L  161,  218. 

JAOQUiaiiiT-BoiVNEFOBT,  on  the  mul- 
berry, L  854. 

Jaeqeb,  Prof.,  on  reversion  in  pigs, 
from  a  cross,  iL  17;  white  pigeons 
killed  by  hawks,  iL  215. 

Jaouab,  with  crooked  legs,  L  17. 

Jamaxoa,  feral  dogs  of,  i.  28;  feral 
pigs  of,  L  80;  feral  rabbits  of,  L  116. 

Jamek)n,  Mr.,  on  hybrid  potatoes,  L 
421. 

Japan,  horses  of,  L  56. 

JAPANEB8  pig  (figured),  L-72.  ^ 

Jardinb,  Sir  W.,  crossing  of  domestio 
and  wild  cats,  i.  46. 

Jarves,  J.,  silkworm  in  the  Sandwich 
Islands,  L  318. 

Java,  fantail  pigeon  in,  i.  155. 

Jayanrbb  ponies,  L  56,  61. 

Jeittblki,  history  of  the  dog,  L  15; 
history  of  the  fowl,  L  258;  Hun- 
garian sheep-dogs,  L  24;  crossing  of 
domestio  and  wild  cats,  L  46. 

Jbmmt  Button,  L  326. 

Jentns,  L.,  whiteness  cf  gsnders,  I. 
303;  sunfish-like  variety  of  the 
goldfish,  L  313. 

Jbrdon,  J.  C,  number  of  eggs  laid  by 
the  pea-hen,  iL'  191 ;  origin  of 
domestio  fowl,  L  248. 

Jersbt,  aborcscent  cabbages  of,  L  341. 

Jebumine,  L  418. 

jEflBE,  0.  R.,  on  the  bulldog,  i.  44. 

John,  King,  importation  of  stallionii 
from  Flanders  by,  iL  187. 

Johnson,  D.,  occurrenoe  of  stripes  on 
young  wild  pigs  in  India,  L  8U. 

Jordan,  A.,  on  Vibert*s  experiments  on 
the  vine,  i.  352 ;  origin  of  varieties 
of  the  apple,  L  372;  varieties  of 
pears  found  wild  in  woods,  iL  247. 

JOURDAN,  parthenogenesis  in  the  silk* 
moth,  iL  357. 

JnAN  DB  NoTA,  wild  dogs  on,  L  27. 
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Juan  Febnandcz,  dumb  dogs  on,  L  27. 

Jmjiaia  regia,  i.  879. 

JucEBi  Prof^  origin  of  iht  Kewfoimd- 

]and  dog,  i.  44. 
JilLiENy^Stanliilns,  earljr  domestication 

of  pipi  in  China,  I.  71 ;  antiquity  of 

the  domestication  of  the  silkworm  in 

China,  i.  816. 
Jumpers,  a  breed  of  fowls,  1.  24t. 
Juniper,  variations  of  the,  i.  385,  387. 
Ju'tiptnts  suioioa,  i.  885. 
Jui$i<ta  grandiHoix^  i\,  154, 
JUBIEU,  A.  de,  structure  of  the  pappus 

in  CartAamus,  IL  307. 

Kati^  Scotch,  rerersion  in,  U.  5. 

Kales,  i.  341. 

«•  Kali-par  "  pigeon,  i.  149. 

Kalu,  p.,  on  maize,  i.  340,  ii.  298;  in- 
troduction of  wheat  into  Canada,  i. 
833;  sterility  of  trees  growing. in 
marshes  and  dense  woods,  ii.  154. 

''Kalmi  Lotan"  tumbler  pigeon,  I. 
157. 

Kanb,  Dr.,  on  Kfquimauz  dogs,  i.  22. 

Kakakool  sheep,  i.  102. 

Karkeek,  on  inheritance  in  the  horse, 
i.  455. 

**  Karm EUTEN  Taube,**  i.  164. 

Kahaten  on  Puicx  pmetranSf  ii.  265. 

Kattywar  honioa,  i.  61. 

Keeley,  R.,  ))elorism  in  GalecMohm 
futiUM,  ii.  33. 

Eerxer,  on  the  culture  of  Alpine 
plants,  ii.  147;  deHnite  action  of 
conditions,  ii.  271. 

Kestrel,  breeding  in  cnptivity,  ii.  137. 

•*KlIANI>E8I,"i.  147. 

KiiANG-iii,  selection  of  a  variety  of  rice 

by,  ii.  189. 
KiANG,  ii.  17. 

Kidd,  on  the  cnnnry-bird,  %  311,  ii.  53. 
Kidney  bean,  i.  CM;  varieties  of,  ii. 

243,  26.5. 
Kidneys,    compensatory   development 

of  the,  ii.  290;   shn|ie  of,  in  birds 

influenced  by  the  fonu  of  the  pelvis, 

ii.  336. 
KiNO«  Col.,  domestication  of  rock  doves 

from  the  Orkneys,  i.  193,  194. 
King,  Dr.,  on  ParUium,  i.  402. 
King,  P.  1^  on  the  diugo,  i.  21,  28. 
KiRDY  and  Spence,  on  the  growth  of 

pdis,  iL  273. 


KiRGHisiAN  sheep,  f.  102. 

Kite,  breeding  in  captivity,  iU  137. 

Klrine,  variability  of  bees,  i.  314. 

Knight,  Andrew,  on  croraing  horses  of 
didTerent  breeds,  i.  53 ;  crossing  varie- 
ties of  peas,  i.  345,  ii.  110;  persis- 
tency of  varieties  of  pons,  I.  346; 
origin  of  the  peach,  1.  357 ;  hybridi- 
sation of  the  morcllo  by  the  Klton 
cherry,  L  868 ;  on  seedling  cherries, 
I.  369;  variety  of  the  apple  not 
attacked  by  coccus,  i.  37 1 ;  Intercross- 
iag  of  strawberries,  1. 373, 874 ;  broad 
variety  of  the  cock's-comb,  i.  889; 
bod  variation  in  the  cherry  and 
plum,  i.  399 ;  croesinv;  of  white  and 
purple  grapes,  i.  419;  exiierimenta 
in  crosJng  apples,  i.  433,  ii.  110; 
hereditary  disease  in  plants,  i.-455; 
on  interbreeding,  ii.  95;  crossei 
varieties  cf  wheat,  ii.  110;  necessity 
of  intercrossing  in  planrs,  ii.  159; 
on  variation,  ii.  243,  244 ;  eflTects  of 
grafting,  i.  413,  ii.  267;  bud-raria- 
tion  in  a  plum,  ii.  281;  correlated 
variation  of  hea(t  and  limbs,  315. 

Knox,  Mr.,  breeding  of  the  eagle  owl 
in  captivity,  ii.  137. 

Keen,  dogonoiacy  in  the  .turnip,  I. 
344. 

Kohlrabi,  1.  342. 

KoLRBUTBR,  reversion  in  hybrids,  1. 
425,  ii.  9;  acquired  sterility  of 
crossed  varieties  of  plants,  i.  381, 
ii.  79;  absorption  of  MirabVit  n(/« 
gnris  by  jl/.  iongiflora,  ii.  65 ;  crosstcs 
of  species  of  Verbascunif  ii.  71,  85; 
on  the  hollyhock,  ii.  85;  crossing 
varieties  of  tobacco,  ii.  87 ;  lieneKts 
of  crossing  plants,  ii.  110,  111,  159, 
160;  sclMmpotence  in  Ic/io^Ltim,  i. 
118,  122;  ellecta  of  conditions  of 
growth  upon  fertility  in  Jftra'nfia,  ii. 
147 ;  groiit  development  of  tuliers 
in  hybrid  plants,  ii.  156;  inherituncc 
cf  plAsticitv,  ii.  227 ;  vnriability  of 
hybri-Js  of  Jfirab  Ha,  ii.  2.'i3 ;  repeated 
cmeeing  a  Oiuse  of  vaj'iHlinn,  ii.  254, 
256 ;  number  of  pollen-grains  neces- 
sary fur  fertilisation,  ii.  356. 

•*  Krausesciiwein,"  I.  70. 

Kroiin,  on  the  double  reproduction  of 
Med  USA,  ii.  379. 

"  Kbopf-Taubgn,"  I.  143.  , 
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Labat,  cm  the  tasks  of  feral  boan  in 

the  West  Indies,  i.  180 ;  on  French 

wheat  grown  in  the  West  ladies,  it 

297;  on  the  culture  of  the  vine  in 

the  West  Indies,  iL  298. 
Ladurkum,  Adam's,  sm  Cyti$*tt  adami ; 

oak  •leaved,  reversion  of,  i.  408;  pclo- 

rism  in  the,  ii.  838;  Wntcrer's,  i.  416. 
Laciiiiaxn,  on  gemmation  and  fission, 

iL  351. 
Lachnanthes  ttndoria^  ii.  212,  830. 
Lactatxox,    imperfect,    hereditary,  i. 

452;    deficient,  of  wild  animals  in 

cnptirity,  ii.  142. 
LADitoxE  Islnnds,  cattle  of,  i.  89. 
La  Gasca,  l*rof.,  individual  variation  in 

wh«it,  L  332. 
Lai.no,  Mr.,  resemblance  of  Norwegian 

and  Devonnhiro  cattle,  i.  85. 
Lark-dwklunos,  sheep  of,  i.  98,  if. 

423;    cattle  of,    t'Mr/.;    absence    of 

the  fowl  in,  L  258;  cultivated  plnnts 

of,  i.  337,  U.  423,  424;  cereals  of,  i. 

835-337;    peas    found    in,  L  345; 

beans  found  in,  i.  349. 
Lajiare-piquot,  observations  on  half- 
bred  North  American  wolves,  i.  22, 
LAMiieiiT,  A.  b.,  on  2'huja  pgnduia  or 

fiiformis,  I.  H8d. 
JjkMiiKRT  family,  L  448,  ii.  53..     . 
I^AUiiKRTYE,  on  strawberries,   i.   37.1, 

374 ;  Hve-leaved  variety  of  Frayaria 

eoUmOf  L  375. 
I«ANDT,   L,  on    sheep    in    the    Faroe 

iKJiitid;*,  ii.  81. 
Lankkster,  KAr,  on  longevity,  ii.  376. 
La  Plata,  wilil  dogs  of,  L  28;  feral 

ont  from,  i.  49. 
IJIRCII,  ii.  301. 
Larkspurs,  insect  agen<^  necessary  for 

the  full  fecundation  o^  i.  464, 
Lanu  arffcniaiut,  ii.  141,  292. 
J^nu  tridaetyhu,  ii.  202. 
Lastbryr,  merino  sheep  in  different 

countries,  L  103. 
Latent  charnctent,  ii.  25-31. 
Latiiau,  on  the  fowl  not  breeding  in 

the  eitreme  north,  ii.  144. 
Z<iM-, rut,  ii.  II. 
iMthtfrus  aphaoai  ii.  33.%. 
taihjnu  odoratus,  i.  420, 403,  iL  68, 71, 

802.  , 

La  ToncnE,  J.  D.,  on  a  Canadlsn  apple 

with  dimidiate  fruit,  L  425,  426. 


*«  Latz-Taubb,*  L  162. 

Laugher  pigeon,  L  163,  217.  . 

J.aunu  aaaaafratt  iL  264. 

Lawrence,  J.,  production  of  a  new 
breed  of  foxhoundis  L  42 ;  occurrence 
of  canines  in  mares,  i.  52 ;  on  Ihree- 
parts-bred  horses,  L  57;  on  inherit 
tance  In  the  horse,  i.  454, 455. 

Lawson,  Mr.,  varieties  of  the  potato,  L 
350. 

Laxton,  Mr.,  bud-variation  in  tht 
gooseberry,  i.  4(:0;  crossing  of 
varieties  of  the  ]:en,  L  428,  420; 
weakness  of  transmission  in  pens,  iu 
42;  double-flowered  peas,  11.  152. 

LAYARn,  L  L,  resemblance  of  a  CaflVe 
dog  to  the  Esquimaux  breed,  1.  26,  ii. 
276 ;  crossing  of  the  domestic  cat 
with  I'hlU  eaffra^  L  46 ;  feral  pigeons 
in  Ascension,  I.  £00 ;  domestic  pigeons 
of  Ceylon,  L  215;  on  Oitiiu$  itanleyi^ 
i.  246;  on  black-fkin&ed  Ceyloneso 
fowls,  i.  269. 

Le  Coaiptb  fnmily,  blindness  inherited 
in,  iL  54. 

Lecoq,  bud-variation  In  Ifirabilitjalapa, 
i.  407 ;  hybrids  of  MirabUi%  i.  426, 

.  ii.  153,  253;  crossing  in  plants,  iu 
108;  focundationofy^asstyfora,  11.118; 
hybrid  GiadMns,  ii.  121 ;  sU'rility  of 
J.anutiCuiuMf carta,  iL  154 ;  villosity  in 
plants  iu  L67 ;  double  asters,  iu  307. 

Le  Couteur,  J.,  varieties  of  wheat,  i. 
331-334;  acclimatisation  of  exotic 
wheat  in  Europe,  i.  333 ;  adaptation 
of  wheat  to  soil  and  climate,  iifd. ; 
selei'tion  of  seed-corn,  L  335 ;  evil  from 
inter-breetliog,  iL  101 ;  on  chnuge  of 
soil,  iL  129;  selection  of  wheat,  ii. 
18  4-;  natural  selection  in  wheat,  iL 
218;  cnttle  of  Jercev,  iu  220. 

Letoer,  Mr.,  on  the  llama  and  alpaca, 
iL  193. 

Lkb,  Mr.,  his  early  culture  of  the  pansy, 
L  391. 

ZwersM  orygoide^j  IL  09. 

Lekour,  iieriod  of  gestation  in  cattle,  i* 
90. 

Leorain,  fulsified  experiments  of,  ii.lOO 

Legs,  of  four  Is,  eilects  of  disuse  on,  L 
284-287;  characters  nnd  variations 
of,  in  ducks,  ii.  299-302. 

Leo  u AT,  cattle  of  the  Caps  of  Good 
Hope,  L  91. 
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LsiniANir,  occurrence  of  wildrdonble^ 

flowered  pUaU  near  a  hot  spring,  it 

152. 
LEiaaroir,   W.  A^  propagation  of  a 

weeping  jew  by  feed,  L  461. 
Lbttner,  effeots  of  removal  of  anthers, 

it.  151. 
LsMimra,  IL  135. 
Lemoimb,  Tarlegated  Symphytum  and 

FhkuB,  I  410. 
Lbmon,  i.  855, 856 ;  orange  fecundated 

bj  pollen  of  the,  i.  480. 
LCMURS,  hybrid,  ii.  186. 
Lbforioeb,  iL  135. 
liEPSina^  figures  of  ancient  Egyptian 

dogs,  i.  17 ;  domestication  of  pigeons 

in  ancient  Kgrpt,  214. 
Ltpui  glaaaliitU  116. 
Xtf/nis  nuig^Uanioutf  i.  117. 
LepU8  niifripeSf  i.  113. 
Zeput  tietanvSf  L  116. 
Lqi>ua  vari(AiHs,  i.  115. 
Lebbdoullet,  double  monsters  of  fishes, 

ii.  ii33. 
Leslie,  on  Scotch  wild  cattio,  i.  88. 
Lessoxa,  on  ro-growth,   iL   858;    on 

L€ffut  mageKonicui,  L  117. 
Lethbridoe,  prcTions  impregnation,  i. 

435. 
Leuckart,  on  the  larva  of  Coddomyida!, 

ii.  353. 
Lewes,  Q.  H.,  on  Pangenesis,  ii.  350. 
Lewis,  G.,  cattle  of  the  West  Indies,  iL 

214. 
LuBRDETTB  and  Quatrefages,  on  the 

horses  of  Circassia,  iL  80,  210. 
LiOHENS,  sterility  in,  iL  155. 
LiCUENaTEZN,  resemblance  of  Bosjes- 

roan's  dogs  to  Canit  meaom$la$,  i.  26 ; 

Newfoundland  dog  at  the  Cape  of 

Good  Hope,  i.  87. 
LiEiuo,  differences  in  human  blood,  ac- 
cording to  complexion,  ii.  265. 
LiEDREiOR,  occurrence  of  pigmentary 

retinitis  in  deaf-mutes,  ii.  322. 
LiLAOS,  iL  148. 

LiUAC&«,  contabescence  in,  iL  149. 
JjUium  bMfenun  and  dlaotiriciiin,  L  431. 
IMium  oom&fwn,  iL  118. 
LniBS,  regeneratioa  of,  ii.  370. 
Limbs  and  head,  correlated  rariation  of, 

iL  815. 
LiifB,  effect  of,  upon  shells  of  the  mol- 

lusca,  iL  270. 


LniB-TREB,  changes  o^  by  age,  L  887- 
413. 

fjMiTATiOR,  sexual,  ii.  47-51. 

LmiTATioir,  supposed,  of  rariation,  U. 
412. 

Zmmtio,  pelorism  in,  iL  82,  85, 88;  pe- 
loric,  crossed  with  the  normal  form, 
iL46;  sterility  of,  4L  IJH). 

LifMria  vulgarit  and  furpuna^  hybrids 
of,  iL  72. 

LiNDBMUTH,  potato-grafting,  L  422. 

LiNDLET,  JoiiM,  classification  of  rarie* 
ties  of  cabbages,  L  842 ;  origin  of  the 
peach,  L  857;  influence  of  soil  on 
peaches  and  nectarines,  i.  360 ;  rarie- 
ties  of  the  peach  and  nectarine,  L 
364;  on  the  New  Town  pippin,  L 
870;  freedom  of  the  Winter  Majetin 
apple  from  coccus,  ibid,;  production 
of  monfficiotts  Hautbois  strawberries 
br  bud-selection,  L  875;  origin  of 
the  large  tawny  nectarine,  L  399; 
bud-rariation  in  the  gooseberry,  i. 
400 ;  hereditary  disease  in  plants,  L 
455;  on  double  flowers,  iL  151; 
seeding  of  ordinarily  seedless  fruits, 
iL  152 ;  sterility  of  Acorua  oalamuSf 
iL  154 ;  resbtance  of  individual  plants 
to  cold,  ii.  299. 

LiNNAUS,  summer  and  winter  wheat 
regarded  as  distinct  species  by,  L 
82^;  on  the  single-leared  straw- 
berry, L  875;  sterility  of  Alpine 
plants  in  gardens,  iL  147 ;  recognition 
of  individual  reindeer  by  the  Lap- 
landers, iL  288;  growth  of  tobacco 
in  Sweden,  ii.  298. 

Linnet,  iL  141. 

Linota  oonfiabiina,  IL  141. 

Xt'mim,  iL  149. 

Lion,  fertility  of,  in  captivity,  iL  133, 
134. 

LiPARi,  feral  rabbits  of,  I.  118. 

LiYiNOSTONE,  Dr.,  striped  young  pigs 
on  the  21arobe8i,  L  80 ;  domestic  rab- 
bits at  Loanda,  i.  116 ;  use  of  graiu- 
seeds  as  food  in  AfVica,  L  326 ;  plant- 
ing of  fruit-trees  by  the  Batolcas,  i. 
326;  character  of  half-castes,  iL  21 ; 
taming  of  animals  among  the  Burotse, 
ii.  144;  selection  practised  in  South 
Africa,  ii.  191,  194. 

LiviNOnoNB,  Mr.,  disuse  a  cause  of 
drooping  ears,  ii.  291. 
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/JZARD8,  reprodactloD  of  tail  in,  IL  284. 

Llama,  mIocUoo  of,  il.  192. 

Lloyd,  Mr.,  taming  of  the  wolf,  i.  27 ; 
English  dogs  in  northern  Europe,  i. 
87 ;  fertility  of  the  goose  increased 
hj  domestication,  i.  803 ;  number  of 
eggs  laid  by  the  wild  goose,  ii.  01 ; 
breeding  of  the  capercaila!a  in  cap* 
tiritj,  il.  139. 

LOANDA,  domestic  rabbits  at,  i.  1 16. 

Zoom,  hybrid  of  two  species  of,  ii.  76. 

LcMia,  reversion  in  hybrids  o^  i.  425  ; 
contabesoence  in,  ii.  149. 

LuiMia  fulff€n$f  cardinalUj  and  tjfp.^iUx" 
tioa,  il  117. 

LOCKHABT,  Dr.,  on  Chinese  pigeons,  i. 
216. 

LOOUCT^TREE,  ii.  264. 

LoiSBLEUR-^uSLONGOiiAMrs,  originals 
of  cultiTated  plants,  L  824;  Mon- 
golian Tarieties  of  wheat,  i.  331 ; 
characters  of  the  ear  in  wheat,'  UrioL  ; 
acclimatisation  of  exotic  wheat  in 
Europe,  I.  832;  efiect  of  change  of 
climate  on  wheat,  1. 834 ;  on  the  sup- 
posed necessity  of  the  coincident 
Tariatton  of  weeds   and  cultivated 

■  plants,  i.  835 ;  advantage  of  change 
of  soil  to  plants,  ii.  128. 

Loliuin  temulentwn,  variable  presence 
of  barbs  in,  i.  831. 

LoMO*TAiLBD  sheep,  i.  98. 

LOOCHOO  Islands,  horses  of,  L  56. 

Lord,  J.  K.,  on  Cani$  iatraru,  i.  22. 

'*  LORI  RAJAii,"  how  produced,  L  269. 

Loriua  garruhts,  ii.  269. 

**  LOTAM  **  tumbler  pigeon,  i.  157. 

LOUDOR,  J.  W.,  varieties  of  the  carrot, 
i.  845 ;  short  duration  of  varieties  of 
peas,  i.  848 ;  on  the  glands  of  peach- 
leaves,  i.  364 ;  presence  of  bloom  on 
Russian  apples,  i.  870;  origin  of 
rarletles  of  the  apple,  i.  372 ;  varie- 
ties of  the  gooseberry,  i.  376;  on 
the  nut  tree,  i.  379 ;  varieties  of  the 
ash,  L  384;  fastigate  juniper  (J, 
stKKMXi),  i.  885;  on  Hex  aquifoiitun 
feroXf  iind. ;  varieties  of  the  Scotch 
fir,  i.  886,  887 ;  varieties  of  the 
hawthorn,  i.  387 ;  variation  in  the 

fentifttency  of  leaves  on  the  elm  and 
urkish  oak,  i.  886;  importance  of 
cultivated  varieties,  i.  887 ;  varieties 
of  Rcaa  iptnonttima,  i.  H91 ;  variation 


of  dahlias  from  the  same  seed,  1.  894 ; 
production  of  Provence  rosea  from 
seeds  of  the  moss  rose,  i.  405 ;  effect 
of  grafting  the  purple-leaved  npon 
the  common  hasel,  L  419;  inter- 
crossing melons,  ii.  110;  nearly 
evergreen  Cornish  variety  of  the  elm, 
ii.  801. 

Lov,  Q.,  on  the  pigs  of  the  Orkney 
Islands,  i.  74. 

Low,  Prof.,  pedigrees  of  greyhounds,  i. 
447 ;  origin  of  the  dog,  i.  16 ;  bur- 
rowing instinct  of  a  half-bred  dingo, 
i.  28;  inheritance  of  qualities  in 
horses,  L  53 ;  comparative  powers  of 
English  race-horses,  Arabs,  etc,  i.  57 ; 
British  breeds  of  cattle,  i.  83;  wild 
cattle  of  Chartley,  i.  88;  effect  of 
abundance  of  food  on  the  sixe  of 
cattle,  i.  95 ;  effects  of  climate  on  the 
skin  of  cattle,  i.  96,  ii.  319 ;  on  inter- 
breeding, ii.  93 ;  selection  in  Hereford 
cattle,  ii.  199;  formation  of  new 
breeds,  ii.  231 ;  on  "  sheeted  "  cattle, 
ii.  341. 

Lowe,  Mr.,  on  hive  bees,  1.  316. 

Lowe,  Rev.  Mr.,  on  the  range  of  Pynu 
malut  and  P.  aoe.-bci^  i.  370. 

LowME,  Mr.,  monsters,  iL  333;  on 
gemmnles,  ii.  372. 

**  LowTUN  **  tumbler  pigeon,  L  157. 

Loxia  pyrrftula,  ii.  137.  • 

LuBDOOK,  Sir  J.,  developments  of  the 
Ephemeridas,  ii.  361. 

LU0A8,  P.,  effects  of  cross-breeding  on 
the  female,  i.  436 ;  hereditary  diseases, 
i.  451,  ii.  54, 55 ;  hereditary  affections 
of  the  eye,  i.  453, 454 ;  inheritance  of 
anomalies  in  the  human  eye  and  in 
that  of  the  horse,  i.  454 ;  inheritance 
of  polydactylism,  i.  458;  morbid 
uniformity  in  the  same  family,  i. 
459;  inheritance  of  mutilations,  i. 
469 ;  persistency  of  cross-reversion, 
ii.  9 ;  persistency  of  character  in 
breeds  of  animals  in  wild  countr\»R, 
ii.  39 ;  prepotency  of  transmission,  ii. 
40,  44;  supposed  rules  of  trans- 
mission in  crossing  animals,  ii.  44 ; 
sexual  limitations  of  transmission  of 
peculiarities,  ii.  48,  49 ;  absorption  of 
the  mmoritv  in  crosse<I  races,  ii.  65 ; 
crosses  without  blending  of  cf«rtaiii 
characters,  ii.  (19 ;  on  interbreedliig, 
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ii.  95;  Tnriabilitj  dependeot  on 

pradoctioDf  ii.  237 ;  period  of  aetion 

of  rariubiiitj,  ii.  'i47;  inheritiinoe  of 

danfnea  io  gaU,  ii.  822 1  oomplesion 

aod  constitution,  iL  S29. 
LuOAZB  -  DuTiiiciOi     f  trnctaro     and 

growth  of  galls,  ii.  272-274. 
LucAV.  Prof.,  on  tlie  maslced  pig,  i.  72 ; 

on  pigs,  ii.  289. 
Luizif  r,  grafting  of  a  peach-almond  on 

a  peach,  i.  859. 
LOtkr,  cats  of  th«  Caroline  Archipelago, 

i,  49. 
LuzoRiAXOB,  of  regetatire  organs,  a 

cause  of  sterility  in  plants,  il.  152, 

155. 
Lyoxvet,  on  tbescission  of  Kait^  \L  351. 
Zytimachia  nummuiaria,  sterilit/  of,  U. 

154. 
Zy thrum,  trtmorphic  species  of,  ii.  894. 
L*fihrwn  mtHcariOf  ii.  168 ;  oontabesoence 

in,  il.  149. 
Zyitu  teiioatoria,  aflTeotlng  the  kidnejs, 

ii.  873. 

Ilaoactu^  species  of,  bred  In  captirlly, 

ii.  135. 
Macaulat,  Tu>xd,  improrement  of  the 

Eoglinh  horse,  ii.  1U7. 
M*Cli:llamd,  Dr.,  variabilltjr  of  fVesh- 

wttter  K«hes  in  India,  ii.  24C. 
M*OOY,  Prof.,  on  the  dingo,  i.  26. 
Uacpatdisn,  influence  of  soil  in  pro- 
ducing sweet  or  bitter  oranges  from 

the  same  secil|  I.  855. 
llAOOtLLiVBAr,  domestication   of  the 

rocle-dore,  I.  .194 ;    feral  pigeons  in 

Scotlitnd,  1.  200 ;  number  of  vertebne 

in   birds,  i.  280;  on  wild  geese,  1. 

802 ;  number  of  eggs  of  wild  and  tame 

ducks,  ii.  91. 
Hackismzib,  Sir  G.,  peculiar  rariety  of 

the  potato,  i.  850. 
Mackfxzik,  p.,  bud-rariation  in  the 

currant,  i.  400. 
Mackinnox,  Mr,  horses  of  the  Falkland 

Islands,  I.  55;   feral  cattle  of  the 

Falkland  Islands,  1.  89. 
llACKNiauT,  C,  on  interbreeding  cattle^ 

ii.98. 
Mac.Nau,  Mr.,    on    seedling    weeping 

birches,  i.  461;    non-prcKlnction  of 

the  weeping  beech  by  seed.  i.  462. 
IfADAOASOAB,  Cats  of,  1.  49. 


Maddex,  H.,  on  interbreeding  cattle. 

ii.  96. 
Madeira,  rock  pigeon  of,  1. 193. 
M'Hfnoiia  grandijlora,  ii.  299. 
Magnus,  Herr,  on  potato-gralting,  i 

422 ;  on  graft-hrbriJM,  i.  423, 424. 
Maize,  its  unity  of  origin,!.  338;  anti* 

qoitjr  of,  ibid,;  with  husked  grains 

siiid  to  grow  wild,  ibid,;  Tariation  of, 

1.289;  irregularities  in  the  flowers 

of,  i.  8K9 ;  persisteoce  of  varielios, 

ibid,;  adaptation  of,  to   climate,  i. 

840,  ii.  297;  acclimatisntion  of,  ii. 

804,  339 ;  crossing  of,  i.  430,  ii.  82, 

83 ;  extinct  Pvruvian  varieties  of,  ii 

421. 
Malay  fowl,  i.  237. 
Malay  Archipelago,  horses  of,  L  56 ; 

short-tailed  cKU  of,  i.  49;  striped 

young  wild  pigs  of,  i.  80 ;  ducks  of, 

i.  294. 
Male,  influence  of,  on  the  fecundated 

female,  i.  428-437 ;  supposed  influence 

uf,  on  oHspring,  ii.  44. 
BIalk  flowers,  np|Kiarance  of,  among 

female  flowcn  iu  mnlse,  I.  830. 
Malformatiuxs,  hereditary,  ii.  55. 
Mau.nqik-Nouel,  on    shtteiH   i.    100; 

cross-breeding  sheep,  ii.  45;  Kngllrfh 

sheep  in  France,  ii.  220. 
Malm,  eyes  of  flat  flsh,  ii.  28. 
ifa/eo,  f«rtilisation  of.  i.  434,  ii.  350. 
Mamettra  tuan,  ii.  141. 
Mamu^  rariable  in  number  In  the  pig, 

I.   77;  rudimentary,  occasional   full 

development  of, .in  cows,  i.  91,  ii. 

809 ;  four  present  In  some  sheep,  1. 
•  99;  variable  in  number  in  ntbbits, 
-    i.  110;  latent  functions  of,  in  mai« 

animals,  ii.  27,  809. 
Mangles,  Mr.,  anuual  varieties  of  the 

heartsease,  ii.  295. 
Manteoazza,  abnormal  growth  of  spur 

of  cock,  ii.  865 ;  on  Pangenesis,  ii. 

871. 
Mantell,  Mr.,  taming  of  birds  by  the 

New  Zealanders,  ii.  144. 
Mai^u,  domestic  fowl  noticed  in  the  In* 

stitutes  of,  i.  258. 
Manure,  eflect  of,  on  the  fertility  ot 

plants,  ii.  147. 
Manx  cat#,  i.  48,  ii.  41. 
Maroel  db  Serres,  fertility  of  the  o»> 

trich,  ii.  140. 
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JfATUAXMB  Iflaods,  Torieties  of  Pat^ 

Oanus  in,  ii.  243. 
If AUKiiAM,  Oebvass,  on  rabbits,  1. 108, 

ii.  1S8. 
Markhor,  probabljT  ono  of  iba  parents 

of  the  goat,  i.  lOd. 
Maicquani),    cattlo    of    tho    Channel 

I -.lands,  i.  84. 
lI.\RUiMPOKY,  inheritance  in  the  horse, 

i.  455. 
BlABitow,  regettible,  i.  380. 
11 ARRVATT,  Capt,  breeding  of  asses  in 

Kentucky,  ii.  223. 
If  ARSDBK,  notice  of  Oallus  gijantem,  L 

Harsiiall,  Dr.  W.,  on  OalluB  tonMratu, 
i.  245. 

Marshall,  Mr.,  rolnntarj  selection  of 
pasture  by  sheep,'  i.  1(»0 ;  adaptation 
of  wheats  to  soil  and  climate,  i.  334 ; 
•*  Dutch-bnttoclccd "  cattle,  1.  452; 
8*»grcgntion  of  herds  of  sheep,  ii.  81 ; 
ailvautage  of  change  of  soil  to  whent 
iind  ))otatocs,  ii.  128;  fashionable 
change  in  the  horns  of  cattle,  ii.  105 ; 
she<>p  in  Yorlcshire,  ii.  221. 

MARTE2I8,  K.  VON,  on  Achatindto^  ii. 
'J8. 

Martin,  VV.  C.  L.,  origin  of  the  dog,  i. 
lU;  Egyptian  dogs,  i.  18;  barking  of 
a  Mackenzie  Hirer  dog,  i.  27 ;  African 
hounds  in  the  Tower  menagerie,  i. 
113  ;  on  dun  horses  nnd  dappled  assc«, 
i.  58 ;  breeds  of  the  horse,  i.  51 ;  wild 
borses,  i.  53 ;  Syrian  breeds  of  asses, 
i.  65;  asses  without  stripes,  1.  66; 
effects  of  cross-breeding  on  the  female 
in  dogs,  L  436 ;  striped  legs  of  mules, 
ii.  16. 

Martins,  defective  instincts  of  silk- 
worms, 1.  821. 

Martius,  0.,  fruii«trees  of  Stockholm, 
ii.  297. 

Mason,  W.,  bud-ynriation  in  the  ash,  i. 
408. 

Masters,  Dr.,  on  bnd-^rartation  and 
reversion,  L.  403;  potato-grafting, 
I.  421 ;  on  pollen  within  orules,  ii. 
387;  reversion  in  the  spiral-leaved 
weeping  willow,  L  408;  on  pelorio 
Howors,  ii.  32;  on  OpmUa^  ii.  274; 
]ielorism  in  a  clover,  iU  338 ;  position 
as  a  cause  of  pelorism,  ii.  338,  839. 
■  Uastjeds,  Mr.,  pcrsbtenoe  of  varieties 


of  peas,  1. 348 ;  reproduction  of  oolout 
In  hyacinths,  i.  463 ;  on  hollyhocks, 
ii.  85  \  selection  of  peas  for  seed,  iL 
184 ;  on  ffibisau  $yriacH8^  ii.  276 ;  re* 
version  bv  the  terminal  pea  in  the 
pod,  ii.  340. 

MASTirr,  sculptured  on  an  Assyrinn 
monument,  i.  17,  ii.  424 ;  Tibetan,  L 
37,  ii.  268. 

Mattukws,  Patbzck,  on  forest  trees,  U. 
223 

MaitJUoh  annua,  i.  429,  463,  ii.  71. 

Matthiola  hkxma,  i.  407,  429. 

Mauohamp  merino  sheep,  i.  104. 

Mauoutt,  crossing  of  wolves  and  dogi 
'  in  the  Pyrenees,  i.  24. 

Maund,  Mr.,  orossod  Tarieties  of  wheat, 
ii.  110. 

Maupertuis,  axiom  of  **  least  action," 
i.  13. 

Mauritius,  importation  of  goats  into, 
i.  105. 

Maw,  0.,  effects  of  change  of  dimate, 
ii.  800;  correlation  of  contracted 
leaves  and  llowen  in  iielargoniums, 
ii.  334,  325. 

Mawz,  fertility  of  Brassioa  rapa,  ii.  148. 

MaxUiariOf  self-fertilised  capsules  of,  ii. 
114. 

MuxiUduria  a<ro-rtt5tfnj,  fertilisation  of, 
by  M.  rfuaienMy  ii.  1 14. 

Maxiuowicz,  direct  action  of  pollen,  1. 
4:11. 

Matkrs,  on  gold-fish  in  Chinn,  i.  312. 

Mates,  M.,  sell-impotence  in  Amary/iiif 
ii.  120. 

Meckel,  on  the  number  of  digits,  i. 
458 ;  correlation  of  nbnonr.al  muscles 
in  the  leg  and  arm,  ii.  314. 

MEDUSyE,  development  of,  ii.  364,  379. 

Mebiian,  Mr.,  werping  peach,  i.  401 ; 
effeots  of  |wrasite«,  ii.  275 ;  compari- 
son of  European  and. American  trees, 
ii.  270.  •    • 

MeU'9  taxiu,  ii.  134. 

Melons,!.  383,  384;  mongrel  supposiNl 
to  be  produced  from  a  twin-seed,  i. 
427  ;  crossing  of  vurieties  of,  i.  430,' 
ii.  86,  109;  inferiority  ofyin  Roman 
times,  IL  200 ;  changes  in,  by  cnltnrt 
and  climate,  ii.  264 ;  seriHsnt,  correla* 
tion  of  variations  in,  ii  324;  snalo* 
gous  variations  In,  iL  341. 

MEMBRAJiBi^  false,  ii.  284.  285.  > 
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M j^N^TBiRBy  on  th«  gtomach  of  Strix 

graitaria,  U.  292. 
MeninqitiS)  tnbercttUr,  inharlted,  ii.  55. 
Merriok,  poUto-grafllng,  I.  422. 
MBTAOEinaia,  ii.  S62. 
Metamorphosib,  ii.  SC2. 
Metamorphosis  and  dervlopment,  ii. 

Metzoer,  on  the  supposed  species  of 
wheat,  L  329,  330 ;  tendenej  of  wheat 
to  rtLTf,  i.  332 ;  variation  of  maise,  i. 
339,  340;  cultiration  of  American 
maise  in  Europe,  L  340,  U.  339 ;  on 
cabbages,  i.  341-344 ;  acclimatisation 
of  Spanish  wheat  in  Qermanj,  i.  472 ; 
advantage  of  change  of  soil  to  plants, 
Ii.  128;  on  rye,  ii.  241;  cnltivation 
of  different  kinds  of  wheat,  ii.  243. 

Mexico,  dog  from,  with  tan  spots  on 
the  ejes,  i.  29 ;  colours  of  feral  horses 
in,  i.  64. 

MEirsiff,  on  seeding  of  bananas,  ii.  152. 

Mice,  grey  and  white,  colours  of,  not 
blended  by  crossing,  ii.  70 ;  rejection 
of  bitter  almonds  by,  ii,  218;  naked, 
ii.  268. 

MiOHAUX,  F.,  roan«coloured  feral  horses 
of  Mexico,  i.  64 ;  origin  of  domestic 
turkey,  i.  .H08;  on  raising  peaches 
from  seed,  i.  360. 

MiOHEL,  P.,  selection  of  horses  in  medise- 
val  times,  ii.  187;  horses  preferred 
on  account  of  slight  characters,  ii. 
194. 

MiOHELT,  effects  of  food  on  caterpillars, 
iL  270 ;  on  Bionbya  hespemSf  ii.  329. 

MiOROFHTHAUfiA,  associated  with  de- 
fective teeth,  ii.  321. 

MiDDEHS,  Danish,  remains  of  dogs  in,  i. 
18,  il.  423. 

MfONOlTETTE,  Ii.  223,  301. 

Millet,  i.  896. 

MiLLB,  J.,  diminished  fertility  of  mares 
when  first  turned  out  to  grass,  ii. 
145. 

Milnb-Edwards,  on  the  development 
of  the  Crustacea,  ii.  303. 

Milnb-Edwards,  a.,  on  a  crustacean 
with  a  monstrous  eye-peduncle,  IL 
385 

Milwi  niaer,  ii.  187. 

MhmUuihtUu$t  it  109. 

MivOB,  W.  C,  gemmation  and  fii«lon  in 
annelids,  It  351. 


MMnlit,  fertilisation  of,  ii.  356;  hybrids 
of,  ii.  111.  153,253. 

MrabUiijalapa,  i.  407,  426. 

Mirabais  Umgiflora,  ii.  65. 

Jfirabilu  vultjarii,  ii.  65. 

Miaooampm  and  CecUomtfia,  i.  5. 

MiTOHELL,  Dr.,  effects  of  the  poison  of 
the  rattlesnake,  ii.  279. 

MiTPORD,  Mr.,  notice  of  the  breeding  of 
horses  by  Erichthonlus,  ii.  186. 

MiVART,  jfr.,  rudimentary  organs,  It. 
308. 

MoocAS  Court,  weeping  oak  at,  I.  461. 

MoQPORD,  horses  poisoned  by  fool's  par- 
sley, il  331. 

M5LLER,  L.,  effects  of  food  on  insects, 
iL  270. 

Mole,  white,  ii.  326. 

Moll  and  Gayot,  on  cattle,  i.  84,  il.  74, 
195. 

MOLLUSCA,  change  in  shells  of,  it  270. 

MOECB,  Lady,  culture  of  the  pansy  by, 
L391. 

Monkeys,  rarely  fertile  in  captivity, 
iL  135. 

MoNNiER,  identity  of  summer  and 
winter  wheat,  L  333. 

MONSTERB,  double,  ii.  833,  834. 

Monstrosities,  occurrence  of,  in  do- 
mesticated animals  and  cultivated 
plants,  L  389,  ii.  241 ;  due  to  per- 
sistence of  embryonic  conditions, 
iL  81 ;  occurring  by  reversion,  iL 
31-34;  a  cause  of  sterility,  iL  150, 
151 ;  caused  by  injury  to  the  embryo, 
iL  257. 

Moor,  J.  H.,  deterioration  of  the  horse 
in  Malasia,  i.  56. 

Moorcroft,  Mr.,  on  Hasora  wheat,  L 
331 ;  selection  of  white-tailed  yaks, 
iL  190;  melon  of  Kaschmir,  iL  204; 
varieties  of  the  apricot  cultivated  in 
Ladakh,  L  366;  varieties  of  the 
walnut  cultivated  in  Kaschmir,  i. 
379. 

MooRR,  Mr.,  on  breeJs  of  pigeons,  L 
155,  163,  217.  219,  221 ;  on  ground 
tumblers,  L  228. 

MoORUK,  fertility  of,  in  captivity,  ii, 
140. 

Moquih-Tandon,  original  form  of 
maise,  L  339 ;  variety  of  the  double 
columbine,  L  389;  peloric  flowei% 
ii.   32<n35;  position    as    a  cause  ol 
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pelorism  in  flowen,  ii.  837 ;  tendency 
of  pelorie  flowers  to  booome  irregular, 
ii.  46 ;  on  monstrosities,  ii.  241 ; 
correlation  in  the  axis  and  appen- 
dages of  plants,  ii.  312;  fusion  of 
homologous  parts  in  plants,  ii.  838- 
885;  on  a  bean  with  monstrous 
atipulet  and  abortive  leaflets,  ii. 
386 ;  oonverslon  of  parts  of  flowers, 
ii.  887. 

lloaLOT,  dogs  of  the  Danish  Middens, 
f.  18;  sheep  and  horse  of  the  Bronse 
period,  ii.  428. 

Marmodei  ignea,  ii.  28. 

MoROOOO^  estimation  of  pigeons  in,  i. 
215. 

MOBBBir,  grafts  of  AbutUon.  L  418; 
on  pelorism,  ii.  83;  in  OalceohriOf 
ii.  838;  non-coincidence  of  double 
flowers  and  variegated  leaves,  ii. 
151. 

Morris,  Mr.,  breeding  of  the  kostrel  in 
captivity,  ii.  137. 

MORSB,  Dr.  digits  of  binis,  ii.  315. 

Morton,  J^rd,  eiTect  of  fecundation 
by  a  quagga  on  an  Arab  mare,  i. 
435. 

Morton,  Dr..  origin  of  the  dog,  i.  16. 

Mcrus  aibif  i.  354. 

Moscow,  rabbits  of,  i.  Ill,  125 ;  eiTocts 
of  cold  on  pear-trees  at,  ii.  207. 

MosBES,  sterility  in,  ii.  155 ;  retro- 
gressive metamorphosis  in,  ii.  354. 

MoaS'ROSE,  probable  origin  of,  from 
jRota  oentifolia,  i.  405;  Provence 
roses  produced  from  seeds  of,  itnd, 

M06TO,  Cada,  on  the  introduction  of 
rabbits  into  Porto  Santo,  i.  117. 

MOT-IIOT,  mutilation  of  feathers  in- 
herited, i.  470. 

MOTTUNO  of  fruits  and  flowers,  i.  430. 

MOUNTAIN-ASH,  ii.  216. 

Mouse,  Barbery,  ii.  135. 

*•  MOVEN-TAUDS,"  i.  156. 

IIowbrat,  Mr.,  on  the  eggs  of  game 
fowls,  i.  261 ;  early  pugnacity  of 
game  cocks,  i.  263;  diminished  fe- 
cundity of  the  pheasant  in  captivity, 
ii.  139. 

MOWBBAT,  Mr.,  reciprocal  fecundntion 
of  Pauifiora  o/u/a  and  raoemofOy  ii. 
118. 

Mulattos,  character  of,  ii.  21. 

MULBEBBY,  i.  354,  iL  243. 
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MuLB  and  hinny,  differences  in  the,  iL 

43. 
MuLBB,  striped  colouring  o^  ii.  16; 

obstinacy  of^  ii.  20;  production  of, 

among  the  Romans,  iu  88;  noticed 

in  the  Bible,  ii.  186. 
MOller,  Fritz,  reproduction  of  orchids, 

ii.  114>116 ;  development  of  erustaeea, 

ii.  863;  direct  action  of  pollen,  1. 

431 ;  self-sterile  bignonia,  iL  117. 
MOlleb,  H.,  on  the  face  and  teeth  in 

dogs,  L  36,  76,  ii.  337. 
MOlleb,  J.,  tendency  to  variation,  iL 

239;    atrophy  of   the    optio  nerve 

consequent    on    destruction    of  thf 

eye.  iL    287;    on    gemmation    and 

fission,  iL   851 ;  identity  of  orules 

and  buds,  iL  854;  special  afiinities 

of  the  tissues,  iL  875. 
MOllbr,  Max,  antiquity  of  agriculture, 

ii.  230. 
MuLTiPUOiTT    of   origin  of  pigeons, 

hypotheses,  of,  discussed,  L  197-203. 
MuNiz,  F.,  on  Niate  cattle,  L  94. 
Mubro,    R.,  on    the    fertilisation    of 

orchids,    iL    114;    reproduction    of 

Pattifiwa  altiOj  iL  119;  self-sterile 

Passiflora,  i^m£ 
'*  Murasba"  pigeon,  i.  151. 
MURIE,  Dr.,  size  of  hybrids,  ii.  112. 
MURPHT,  J.  J.,  the  structure  of  the 

ey<*  not  producible  by  selection,  iL 

207. 
Jfus  akxandrinw^  ii.  64,  65. 
Jfttsa  tapigfdhan^  ehmentia  and  eacsii- 

dishiif  i.  401. 
Muacari  oomoaumj  ii.  169,  306. 
Muscles,  effects  of  use  on,  iL  287. 
Musk  duck,  feral  hybrid  of,  with  the 

common  duck,  i.  200. 
Mutilations,  inheritance  or    non-in* 

heritance  of,  ii.  466,  892. 
Mr  ATT,  on  a  flvA-Ieaved  variety  of  the 

strawberry,  1.  375. 
Myopia,  herediUry,  i.  453. 
Myriapoda,  regeneration  of  lost  parts 

in,  ii.  284,  358. 

NaiU,  growing  on  stumps  of  fingers, 
^  ii.  386. 

Nais,  scission  of,  ii.  351. 
Namaquas,  cattle  of  the,  L  91,  ii.  192. 
Narcissus,  doub'e,  becoming  single  in 
poor  soil,  iL  151 
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Nasyabz,  OB  ih«  cnltimtion  of  naiiTt 
plants  in  Florida,  i.  329. 

Hugua^  fterility  of,  in  capiivitf,  ii. 
134. 

'*Natab,"  or  Niatas,  a  South  Amorican 
breed  of  eatiU,  t.  92-M. 

NATRDSiua,  H.  YOK,  on  striped  hones,  1. 
62 ;  OB  the  pigs  of  the  Swiss  lalte- 
dwellings,  i.  71;    on  the  races  of 

*  pigs,  i.  68-72 ;  oonrergenoe  of  cha- 
racter in  highljT-bred  pigs,  i.  76,  ii. 
227 ;  catties  of  changes  in  the  form 
of  the  pig's  slcnll,  i.  75,  76 ;  changes 
in  bremis  of  pigs  bj  crossing,  L  82 ; 
change  of  form  in  the  pig,  ii.  269  ; 
effects  of  disvse  of  parts  in  the  pig, 
ii.  289 ;  ^period  of  gestation  in  the 

'  pig,  L  77;  appendages  to  the  jaw 
in  pigs,  i.  79 ;  on  Sus  pliekepa^  i.  72 ; 
period  of  gestation  in  sheep,'  i.  101 ; 
on  Niata  cattle,  i.  93;  on  short- 
horn cattle,  ii.  96 ;  on  interbreeding, 
ii.  95 ;  in  the  sheep,  ii.  98 ;  in  pigs, 
II.  101 ;  QBOonwlous  solectlon  in  cattle 
and  pigs,  it  198;  rariability  of  liighly- 
selected  races,  ii.  225. 

NATO,  P.,  on  the  Bizaarria  orange^  i. 
417. 

Natural  selection,  its  general  princi- 
ples, i.  2-14. 

Nature,  sense  in  which  the  term  is 
employed,  L  6. 

N  AUDiN,  supposed  rules  of  transmission 
in  crossing  plants,  ii.  43;  on  the 
nature  of  hybrids,  iL  23,  24 ;  essences 
of  the  species  in  hybrids,  ii.  382, 
895 ;  rerersion  of  hybrids,  ii.  9,  23, 
24;  rerersion  in  flowers  by  stripes 
and  blotches,  ii.  11;  hybrids  of  Xm- 
aria  vuigttris  and  purpurea^  ii.  72; 
pelorism  in  Linrtrh,  ii.  82,  88; 
crossing  of  pelorlc  jAnaria  with  the 
normal  form,  ii.  46;  Yuriability  in 
Datura^  iL  254;  hybrids  of  Di^tura 
lams  and  strtmonium,  i.  425;  pre- 
potency of  transmission  of  Datwa 
Uramoniuin  when  crossed,  ii.  43 ;  on 
the  pollen  of  Mir  bilis  and  of  hybrids, 
i.  415;  fertilisation  of  Mtrabitisi,  ii. 
356 ;  cultivated  Cucurbitacete,  i.  380, 
384,  ii.  86 ;  rudimenUry  tendrils  in 
gourds,  ii.  306 ;  dwarf  Cuouiiktat  it 

^  824;  relation  between  the  fixe  and 
number  of  the  fruit   in    Cucurbita 


pepa,  il  830 ;  analogons  Tariation  in 
Ouowbitw,  ii.  341;  aoclimatisatioo 
of  Cucurbitaoes^  ii.  304 ;  productioB 
of  fruit  by  sterile  hybrid  Cueorbi* 
taoe«,  IL  156 ;  OB  the  meloa,  i.  383, 
ii.  86,  264 ;  incapacity  of  the  cucum- 
ber to  cross  with  other  speciei,  i.  382. 

Nbotarinb,  L  357-^5 ;  derired  from 
the  peach,  i.  357,360-^64;  hybrids 
ot,  L  360;  persistency  of  eliaracters 
in  seedling,  «6idL;  origin  of,  i.  361  ^ 
produced  on  peach-trees,  i.  361,  862 ; 
producing  peaches,  i.  861 ;  ruriation 
in,  i.  363,  364;  bud-TariatioB  in,  i. 
398 ;  glands  in  the  leaTCs  of  the,  il. 
217  ;  analogous  variation  in,  IL  341. 

K  EOT  ART,  rariatioBS  of,  in  pannes,  i. 
393. 

Neeb,  on  changes  in  the  odour  of  plants, 
ii.  264. 

<«NEaRO'*cnt,  i.  48. 

Neqroes,  polydai'tylism  Ib,  i.  548; 
selectioB  of  cattle  practised  by,  ii. 
191. 

NuoLiTiiiO  period,  domesticaiioB  of 
Boi  longi/rvns  and  prwugennu  in 
the,  i.  84;  cattle  of  the,  distinct 
from  the  original  species,  i.  90;  do- 
mestic goat  in  the,  i.  105 ;  cereals  of 
the,  i.  334. 

Nerve,  optic,  atrophy  of  the,  ii.  287. 

Neubert,  potato-grafting,  i.  422. 

Neumeister,  on  the  Dutch  and  German 
pouter  pigeons,  i.  145 ;  on  the  Jaco- 
bin pigeon,  i.  162;  duplication  of 
the  middle  flight  feather  in  pigeons, 
i.  167 ;  on  a  pet'uliarly  coloured 
breed  of  pigeons,  "  Staarfaalstge 
Tnube,"  i.  169;  fertility  of  hybrid 
pigeons,  i.  201 ;  mongrels  of  the 
trumpeter  pigeon,  ii.  42;  period  of 
perfect  plumage  ia  pigeons,  il.  53 ; 
advantage  of  crossing  pigeons,  iL  106. 

Neuralqia,  hereditary,  ii.  55. 

New  Zealand,  feral  cats  of,  i.  49; 
cultivated  plants  of,  i.  328. 

Newfoundland  dog,  modiHc&tion  of, 
in  England,  i.  44. 

Newman,  E.,  sterility  of  Sphingid* 
under  certain  conditions,  iL  141. 

Newpobt,  G.,  non-copulation  of  Vw 
fi«sfts  in  Gonfinemeot,  IL  141;  fer- 
tilisation of  the  ovule  in  batr&chia, 
IL  356. 
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NbWT,  polydactylisni  in  the,  i.  548. 

Kewton,  a.,  a^noe  of  sexual  dittinc- 

-  tions  in  the  Columbida,  i.  171; 
production  of  a  "  blaclc-ehouldered " 
penhen  among  the  ordinary  kind,  1. 
306;  on  hybrid  ducks,  iu  140. 

KOAMI,  I^ke,  cattle  of,  i.  01. 

^NiATA"aittle,  i.  03-04;  resemblance 
of,  to  Sivatheriwn,  1.  03 ;  prepotency 
of  transmission  of  character  by,  ii. 
41. 

"NiCAHD"  rabbit,  L  111. 

NiCHOLM>N,  Dr.,  on  the  cats  of  Antigua, 
L  48;  on  the  sheep  of  Antigua,  il 
102. 

NiootktnOf  crossing  of  rarieties  and 
species  of,  ii.  87 ;  prepotency  of 
transmission  of  characters  in  species 
of,  ii.  43 ;  contabescence  of  female 
organs  in,  ii.  150. 

Niooti'Jina  ghUmMa,  il.  87. 

NisoUHB,  on  the  heredity  of  mental 
characteristics  in  some  Roman  fami- 
lies, ii.  40. 

NioiiT-DUMDKBBB,  non-rerersion  to,  ii. 

KiLBSOif,  Prof.,  on  the  barking  of  a 
Toung  wolf,  i.  28;  parentnge  of 
kuropenn  broods  of  eattio,  i.  84,  85 ; 
on  Jhsfrontonu  in  Scania,  1.  85. 

NiKD,  Mr.,  on  the  dingo,  i.  41. 

<'Ki8U8  formativns,"  11.  283,  284, 
848. 

Nrrzson,  on  the  absence  of  the  oil- 
gland  in  certain  ColumlMD,  1.  155. 

NON-INUEBITANCE,  causcs  of,  L  470- 
472. 

•*  NONNAXN  "  pigeon,  i.  161. 

MoRDMANN,  dogs  of  Awhasie,  L  25. 

KoRMAHDr,  pigs  of,  with  appendages 
under  the  jnw,  i.  7^^ 

NORWAT,  striped  ponies  of,  i.  61. 

NOTT  and  QliUdon,  on  the  origin  of  the 
dog,  i.  16;  mastiff  represented  on  an 
Assyrian  tomb,  i.  17 ;  on  Egyptian 
dogs,  i.  18 ;  on  the  Hare  Indian  dog, 
I  23 

Koiyiia,\l  116. 

NOURISHMBHT,   excess  of,  a  cause  of 

Tariability,  ii.  244. 
NUMDKR,  importance  of,  in  selection, 

ii.  221. 
Sumifi't  ptilwrhynck^  the  original   of 

the  Guinea-fowl,  i.  810. 


Nun  pigeon,  i.  168 ;  known  to  Aldn>- 
yandi,  i.  217. 

NUTMEO-T&EB,  U.  228.  . 

Oak,  weeping,  L  885,  461;  it  228; 

{pyramidal,   L  885;   Hessian.  MdL; 
ate-leared,    L    886;    Talueless    as 

timber  at  the  Cape  of  Good  Hope, 

it  264;  changes  in,  dependent  on 

age,  L  413;  galls  of  the,  ii  272. 
Oatb,  wild,  i.  830;  in  the  Swiss  lake- 
dwellings,  L  S37« 
Oberlxv,  change  of  soil  beneficial,  to 

the  potato,  iL  128. 
Qdart,  Count,  Tarieties  of  the  rine,  i. 

353,  ii,  267;   bod-rarUtion  in  the 

Tine,  i.  400. 
(Eddiuin,  ii.  274. 
(Enothira  MtfJims,  bud-rariation  In,  L 

407. 
Oqlb,  Dr.  J.  W.,  inherited  deficient 

phalanges,  i.  458;    resemblance  of 

twins,  Ii.  239,  24A.    . 
OiL-OLAKD,    absence    of,    In    fantail 

pigeons,  i.  155,  168. 
Oldfield,  Mr.,  estimation  of  European 

dogs  among  the  natives  of  Australia, 

ii.  199. 
Oleander,  stock  affected  by  grafting 

in  the,  1.  418. 
Oluer,  Dr.,  insertion  of  the  perioeteum 

of  a  dog  beneath  the  skin  of  a  rabbit, 

ii.  865. 
OncMfium,  reproduction  of,  il  114-116, 

147. 
Oniokb,  crossing    of,    ii.   68;    white, 

liable  to  the  attacks  of  fungi  and 

disease,  ii.  213,  330. 
OpkryM  epiferay  self-fertilisation  of  il. 

69;  formation  of  pollen  by  a  petal 

In,  iL  387. 
Opuntia  leucotruAt,  ii.  267. 
Oramqe,  i.  355-356;   crossing  of,  ii. 

68;  with  the  lemon,  i.  430,  ii.  360 ; 

naturalisation  of,  m  Italy,  ii.  298; 

variation  of,  in  North  lUly,  ii.  243 ; 

peculiar  variety  of,  ii.  325 ;  biuarria, 

i.  417;  trifacial,  L  418. 
Orchids,  reproduction  of,  i.  434,  S85; 

ii.  114-116.' 
Obpord,  l^rd,  crossing  greyhounds  with 

the  bulldog,  i.  43. 
Oroanisiis,  origin  of,  i.  13. 
Orqami8ATIo:7,  advancement  in,  i.  8. 
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Oboams,  rndimentiirj  and  aborted,  U. 
80d-300;  multiplication  of  abnormali 
ii.  885. 

Obiole,  assnmpUons  of  Ben-plnniage 
hj  a  male  in  oonfinement,  ii.  141. 

Orkney  Ulandi,  pigs  of,  L  74 ;  pigeons 
of,  L  193. 

Ortiioftera,  regeneration  of  hind  legs 
in  the,  ii.  284. 

Ortho$ia  oiicmia,  U.  141. 

Ortow,  IL,  on  the  effects  of  cross- 
breeding on  the  female,  L  436;  on 
the  Ilanx  cat,  iL  41 ;  on  mongrels 
from  the  silk-fowl,  ii.  42 ;  infertilitj 
of  geese  in  Quito,  ii.  145. 

Obdorne,  Dr.,  inherited  mottling  of 
the  iris,  i.  454. 

OSPRBY,  prejing  on  black  fowls,  ii. 
215. 

Ovteh-Sacken,  Baron,  on  American 
oak-galls,  it.  272. 

OsTEOLOQiOAL  characters  of  pigs,  i.  00, 
70,  74,  77 ;  of  rabbiU,  i.  120-134;  of 
pigeons,  1 171-177 ;  of  ducks,  i.  290- 
298. 

OSTRIOH,  diminished  ferti'ity  of'  the,  in 
captivity,  ii.  140. 

Obtyakb,  selection  of  dogs  by  the,  ii. 
191. 

Otter,  il.  134. 

'* Otter"  sheep  of  Massachusetts,  i. 
104. 

OuDB,  feral  humped  cattle  in,  i.  83. 

Ouurrri,  breed  in  Europe,  ii.  135. 

Ovary,  Tariation  of,  in  CuoHrbita  mo^ 
oAato,  i.  882 ;  dcTelopment  of,  inde- 
pendently of  pollen,  i.  433. 

OviM  montanOf  L  103. 

Ovules  and  buds,  identity  of  nature  of, 
ii.  353. 

Owsff,  Capt,  on  stiff-haired  cats  at 
If  «>mbas,  i.  48. 

OwEM,  Prof.  R.,palKonto1ogical  evidence 
as  to  the  origin  of  dogs,  i.  15 ;  on 
tho  skull  of  the  '*Niata"  cattle,  i. 
93;  on  fossil  remains  of  rabbits,  i. 
108;  on  the  signilicanoe  of  the  brain, 
i.  130;  on  meUgenesIs,  ii.  362; 
theory  of  reproduction  and  partheno- 
genesis, ii.  370. 

Owl,  eagle,  breeding  in  cnptJvily,  ii. 
137. 

Owl  pigeon,  i.  156;  African,  figured  I. 
167;  known  in  17:i5,  i.  218. 


OmaHs,  trimorphio  species  of,  11.  394. 

Oxalii  rosso,  ii.  113. 

OxLEY,  Mr.,   on  the  nutmeg-tree,  iL 

223. 
Oysters^  differences  in  the  shells  of,  U. 

270. 

Paca,  sterility  of  the,  in  confinement, 
ii.  135. 

Paoifio  Islands,  pigs  of  the,  i.  73. 

Padua,  earliest  known  flower-garden 
at,  ii.  202. 

Paduan  fowl  of  Aldrorandi,  L  259. 

Pceonia  moutan,  ii.  189. 

Pjbony-treb,  ancient  cultivation  of,  in 
China,  ii.  189. 

Paget,  on  the  Hungarian  sheep-dog,  L 
24. 

Paget,  Sir  J.,  Snheritanoe  of  cancer,  i. 
451 ;  hereditary  elongation  of  hairs 
in  the  eyebrow,  i.  452 ;  re-growth  of 
extra  digits,  i.  459 ;  circumcision,  L 
407 ;  period  of  inheritance  of  cnncer, 
ii.  56;  on  J/ydra,  ii.  283;  on  the 
healing  of  wounds,  11.  284 ;  on  the  re- 
paration of  bones,  9fid,;  growth  of  hair 
near  inflamed  surfaces  or  fractures, 
ii.  285;  on  false  membranes,  Aki.; 
compensatory  development  of  the 
kidney,  ii.  290 ;  bronzed  skin  in  disease 
of  supra-renal  capsules,  ii.  325 ;  unity 
of  growth  and  gemmation,  ii.  352 ; 
independence  of  the  elements  of  the 
body,  ii.  365;  aflinity  of  the  tissues 
for  special  organic  substances,  ii.  374. 

Pallas,  on  the  influence  of  domestica- 
tion upon  the  sterility  of  intercrossed 
species,  L  32,  86,  202,  iL  88;  hypo- 
^esis  that  variability  is  wholly  due 
to  crossing,  L  197,  898,  iL  237,  252 ; 
on  the  origin  of  the  dog,  L  16;  varia- 
tion in  dogs,  L  34 ;  crossing  of  dog 
and  jackal,  i.  25 ;  origin  of  domestic 
cats,  i.  46  ;  origin  of  Angora  cat,  i. 
47;  on  wild  horses,  L  «'>5,  63;  on 
Persian  sheep,  i.  98 ;  on  SiberiHn  fnt- 
tailed  sheep,  iL  269;  on  Chinese 
sheep,  iL  306 ;  on  Crimean  varietieit 
of  the  vine,  L  353  ;  on  n  gra}ie  with 
rudimentary  seeds,  iL  306  ;  on  feml 
musk-ducks,  ii.  20 ;  sterility  of  Al- 
pine plants  in  gsrdens,  Ii.  147 ;  selaoi 
tion  of  white-tailed  yaks,  iL  190. 

Pampas,  feral  cattle  on  the,  L  89. 
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Pandanut,  il.  243. 

PANGENisBifl^  hypothesis  of;  ii.  349- 
399. 

PatUcum,  seeds  of,  used  as  food,  i.  326 ; 
found  in  the  Swiss  lekenlweUiDgs,  i. 
335. 

P^xsr,  t  391-393. 

Pappus,  abortion  of  the,  in  Carthamw, 
iL  307. 

Paradotwui,  sterilitj  of  species  of,  in 
captlritj,  il.  134. 

Paraguay,  caU  of,  I.  43 ;  cattle  of,  i. 
92 ;  hones  of,  ii.  80 ;  dogs  of,  i'Ad, ; 
bhick-ektnned  domestic  fowl  of,  L 
243. 

Parallel  rariation,  ii.  341-345. 

Paramos,  woollj  pigs  of,  i.  81. 

Parasites,  liability  to  attacks  of,  de- 
pendent on  colour,  ii.  213. 

Pariah  dog,  with  crooked  legs,  i.  17 ; 
resembling  the  Indian  wolf,  i.  25. 

Pariset,  inheritance  of  handwriting,  ii. 
G. 

Paritiwn  tricuspiif  bud-rariation,  i. 
402. 

Parker,  W.  K.,  number  of  rertebne  in 
fowls,  i.  280. 

PAnKiMSON,  Mr.,  varieties  of  the  hya- 
cinth, i.  304. 

Parkyns,  MAMsnELD,  on  Columba 
guinea^  L  192. 

Parmentier,  diiTerences  In  the  nidiK- 
cation  of  pigeons,  i.  183;  on  white 
pigeons,  iL  215. 

Parrots,  general  sterility  of,  in  con- 
finement, ii.  138;  alteration  of  plu- 
mage of,  ii.  269. 

Parsnip,  reTcnion  in,  ii.  34 ;  influence 
of  selection  on,  ii.  185 ;  experiments 
on,  ii.  267;  wild,  enlargement  of 
roots  of,  by  cultiYation,  i.  344. 

PARTIIEMOQEMESIS,  ii.  352,  356. 

Partridge,  sterility  of,  in  captivity, 

ii.  130. 
Parturition,  difficult,  hereditary,  i. 

452. 
Pctnu  major,  ii.  216. 
Pafsi/lora,  self-Impotence  in  species  of, 

U.  118,  119;  contabescenoe  of  fumble 

organs  in,  ii.  150. 
Pusaijlorii    ahta,    fertility    of,    when 

grafted,  ii.  172. 
Pastrana,  Julia,  peculiarities  in  the 

hair  and  teeth  of,  ii.  321. 


Pasturb  and  climate,  adaptation  of 
breeds  of  sheep  to,  L  99,  100. 

Patagonia,  crania  of  pigs  from,  L  81. 

Patagonian  rabbit,  L  110. 

Paterson,  R.,  on  the  Arrindy  silk- 
moth,  ii.  296. 

Paul,  W.,  on  the  hyacinth,  i.  394, 395 ; 
rarieties  of  pelargoniums,  L  403; 
weakness  of  transmission  in  holly- 
hocks, ii.  42  ;  improvement  of  pelar- 
goniums, ii.  201. 

Paw>  cri$laiui  and  muticua,  hybrids  of,  L 
306. 

Paco  nigripenniSf  1.  305-307. 

"  Pavodotten-Taube,"  i.  148. 

Pbacu,  i.  357-365 ;  derived  from  the 
almond,  i.  357;  stones  of,  figured, 
358;  contrasted  with  almonds,  i. 
359 ;  double-fiowering,  I.  858,  859, 
364;  hybrids  of,  i.  360;  persistency 
of  races  of,  ihUL ;  trees  producing 
nectarines,  Pnd,;  variation  in,  i.  363, 
364,  ii.  243;  bud-variation  in,  i. 
398;  pendulous,  i.  461;  variation 
by  selection  in,  ii.  203;  peculiar 
disease  of  the,  ii.  213 ;  glands  on  I  he 
leaves  of  the,  ii.  217 ;  antiquity  of 
the,  ii.  299;  increased  hardiness  of 
the,  «Ud;  varieties  of,  adapted  for 
forcing,  ii.  301;  yellow-fleshed, 
liable  to  certain  diseases,  ii.  330. 

Peach-almond,  i.  3.59. 

Peafowl,  origin  of,  i.  305;  japanned 
or  black-shouldered,  i.  305-307 ; 
feral,  in  Jamaica,  i.  199 ;  compara- 
tive fertility  of,  in  wild  and  tame 
sUtes,  ii.  91,  256 ;  whiU,  ii.  326. 

Pears,  i.  372 ;  bud-variation  in,  i.  401 ; 
reversion  in  seedling,  ii.  4 ;  inferiority 
of,  in  Plby's  time,  ii.  200;  winter 
nelis,  atUcked  by  aphides,  ii.  217 ; 
soft-barked  varieties  of,  attacked  by 
wood-boring  beetles,  ii.  217  ;  .origina- 
tion of  goMl  varieties  of,  in  woods, 
ii.  242;  Korelle,  resistance  of,  to 
frost,  ii.  297. 

Peas,  t  845-349;  origin  of,  i.  345 
varieties  of,  L  345-349 ;  found  in  SwiM 
lake-dwellings,  i.  335, 337,  345-349 ; 
fruit  and  seeds  figured,  i.  347 ; 
persistency  of  varieties,  i.  348 ;  inter- 
crossing of  varieties,  i.  349,  428,  ii. 
110 ;  effect  of  crossing  on  the  female 
organs  in,  i.  429 ;  double-flowered,  IL 
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152;  natnritT  ot,  accelerated  bf 
selection,  it  185 ;  yarieiiet  of|  pro- 
dQced-br  telection,  il.  203;  thlM* 
•helled,  liable  to  the  attacks  of  birds, 
il.  2 16 ;  reversion  of,  hj  the  terminal 
seed  in  the  pod,  il.  839. 

rscOARr,  breeding  of  the,  in  captiTitj, 
il  1S3. 

Pedioeees  of  horses,  cat  tie,  greyhounds, 
gnme-coclcs,  and  pigs,  i.  Al.' 

PSQU,  cats  of,  i«  49 ;  horses  of,  L  56. 

PJ5I.AII002IIUM8,  multiple  origin  of,  i. 
888 ;  lones  of,  i.  890 ;  bud-rariatlon 
in,  i.  402 ;  rariegation  in,  accom- 
pinied  bj  dwarfing,  i.  409 ;  pelorism 
in,  ii.  150,  337 ;  by  reversion,  ii.  83 ; 
adrantage  of  change  of  soil  to,  il.  120 ; 
improrement  of,  by  selection,  ii.  201 ; 
ffoorching  of,  iL  214;  numbers  of, 
raised  from  seed,  IL  221 ;  efiects  of 
conditions  of  life  on,  ii.  263 ;  store* 
rariety  of,  ii.  801 ;  correlation  of 
contracted  leaTes  and  flowers  in,  ii. 
324,  325. 

Pelargonium  fidgidum^  conditions  of 
fertility  in,  ii.  147. 

*'  Pelonj^"  a  Columbian  breed  of  cattle, 
i.  92,  212. 

PELOaio  flowers,  tendency  of,  to  ae- 

.  quire  the  normal  form,  ii.  46;  fer^ 
tllity  or  sterility  of,  ii.  150,  151. 

PsLoaio  races  of  Ohxinia  speeioaa  and 
Antirrhinum  majut^  L  389. 

Pelorism,  ii.  32-34,  837,  838. 

Pelvu,  characters  ot;  in  rabbits,  i.  128 ; 
in  pigeons,  1.  176 ;  in  fowls,  i.  281 ; 
in  duclcs,  i.  298. 

Pemdbokb  cattle,  i.  84. 

Pendulous  trees,  i.  885,  ii.  340 ;  un- 
certainty of  transmission  of,  L  461, 
462. 

pENOUnr  ducks,  i,  294,  296 ;  hybrid  of 
the,  with   the    Egyptian    goose^    L 

*  296. 

Penh AMT,  production  of  wolf-like  curs 
at  Fochabers,  i.  39 ;  on  the  Duke  of 
Qneensberry's  wild  cattle,  i.  88. 

Penniaetum,  seeds  of,  used  as  food  in 
the  Punjab,  i.  326. 

Peunitttum  didiohum,  seeds  of,  used  as 
food  in  Central  Africa,  L  326. 

pBBdYAL,  Hr.,  on  inheritance  in  horses, 
L  455;  on  horn-like  processes  in 
horses,  L  52. 


Perdix  rubra,  occasional  fertility  of,  im 

capUrity,  ii.  139. 
Period  of  action  of  causes  of  rariability, 

iL  257. 
Periosteuu  of  a  dog,  producing  bona 

in  a  rabbit,  ii.  8^5. 
Periwinkle,  sterility  of,  in  England, 

ii.  158. 
Persia,  estimation  of  pigeons  in,  i.  215 ; 

carrier  pigeon  of,  i.  148;   tumbler 

pigeon  of,  i,  156;  cats  of,  i.  47-49; 

sheep  of,  i.  102. 
Pebsistbnob    of    colour    in    horses, 

i.  53;    of   generic  peculiarities,    il 

114. 
Peru,  antiquity  of  maize  in,  i.  338 ; 

peculiar  potato  from,  i.  350 ;  selectioa 

of  wild  animaU    practised   by  the 

Incas  of,  ii.  191,  192. 
"  Perucken-Taude,"  i.  161. 
Petals,    rudimentary,  in    cultirnted 

plants,  ii.  807 ;  producing  pollen,  iL 

387. 
Petunias,    multiple    origin     of,    i. 

388. 
PErRiTBOii,  Dr.,  regetable  teratology, 

ii.  82. 
"  Pfauen-Taube,"  i.  153. 
PhaitBnopsia,  pelorism  in,  ii.  338. 
Phalanges,  deficiency  of,  ii.  49. 
Phap$  eKulcopUra,  il.  842. 
Pha99oiut  mulii/iorus,  ii.  300,  314. 
Ph<i8doiu$  wtgarit^  i.  350,  ii.  300. 
Phasianui  jm^us,  i.  289. 
Phasianu$  amhcrwtit^  L  289. 
Pheasant,  assumption  of  male  plumage 

by  the  hen,  ii.  26 ;  wildness  of  hybriUs 

of,  with  the  common  fowl,  ii.  19 ; 

prepotency  of  the,  orer  the  fowl,  ii. 

43 ;  diminished  fecundity  of  the,  in 

captirity,  ii.  139. 
PnEASAHn,  golden  and  Lady  Amherst's, 

I.  289. 
Pheasant-fowls,  i.  256. 
Puilipeaux,  regeneration  of  limbs  in 

the  salamander,  ii.  359. 
PniLiPPAR,  on  the  varieties  of  wheat, L 

332. 
Phiuppinb  Islands,  named  breeds  of 

game  fowl  in  the,  1.  243. 
Phillips,  Mr.,  on  bud-variation  in  the 

poUto,  i.  411. 
PAAmt,  bud-variation  by  suckers  in.  L 

410. 
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PiiTiiiszs,  aficctioa  of  Um  fingers  in,  IL 
826. 

PlITLLOXERA,  L  354, 

PiOK£liuio,  Dr^  on  tho  granting  roioe 
of  humMd  eattle,  i.  Ss ;  ooeurrenoe 
of  the  n«nd  of  a  fowl  in  an  nncioni 
Egyptian  prooanion,  L  258 ;  soeding 

'  ofordlnariljr  leedloia  fruita,  iL  152 ; 
extinction  of  ancient  Egyptian  Inreeds 
of  sheep  and  oxen,  ii.  421 ;  on  an 
ancient  Peruvian  gourd,  iL  425. 

PiooTBBB,  eflect  of  conditions  of  life  on, 
ii.  262. 

PiOTET,  A.,  oriental  names  of  tlie  pigeon, 
i.  21.1. 

PiCTET,  Prof.,  origin  of  the  dog,  L  15; 
on  fossil  oxen,  i.  85. 

PiEUALDS,  probably  doe  to  reversion,  iL 
11. 

PiKTRCXENT,  M.,  on  the  ribs  of  horses, 
i.  52. 

PxoEAUX,  hybrids  of  the  hare  and 
rabbit,  iL  135. 

PiOKON  i  cravate,  L  156. 

Pigeon  bagadais,  L  149,  150. 

PiOEOM  coqnille,  i.  163. 

PiOBOM  cygne,  i.  150. 

PiOEOK  heurt4^  i.  163. . 

PiOEOX  pattu  plongeur,  L  164^ 

Pigeon  polonaas,  i.  151. 

Pigeon  romain,  L  149.  150.  . 

Pigeon  tambour,  L  162. 

Pigeon  tare,  I.  146. 

P;^0B0N8,  origin  of,  L  137, 140, 189-214 ; 
classifted  table  of  breeds  of,  L  142 ; 
pouter,  L  143-145;  carrier,  L  146- 
149;  runt,  L  149-151;  barbs,  L 
151-153;  fantail,L  153-155;  iurbit 
and  owl,  i.  156 ;  tumbler,  i.  156-161 ; 
Indian  frilUback,  L  161;  Jacobin, 
Unci  ;  trumjieter,  L  162 ;  other  breeds 
of,  L  163-165;  differences  of,  equal 
to  generic,  i.  166;  individual  varia- 
tions of,  L  167-169 ;  variability  of 
peculiarities  characteristic  of  breeds 
in,  L  169 ;  sexual  variability  in,  L 
170,  171;  osteology  of,  L  171-177; 
correlation  of  growth  in  L  177-180, 
iL  813;  young  of  some  varieties 
naked  when  hatched,  L  179,  ii.  326 ; 
efiects  of  disuse  in,  i.  160^187 ;  set- 
tling and  roosting  in  trees,  L  190; 
floating  in  the. Kile  to  drink,  ibid.; 
doveoo^  L  194^  195 ;  argnmeDts  for 


unity  of  origin  of,  L  197-214 ;  feral, 
in  various  places,  i.  199,  iL  7 ;  unity 
of  coloration  in,  L  204-206 ;  reversion 

. .  of  mongrel,  to  coloration  of  (7.  /nwo, 
L  207-214;  history  of  the  cultivation 
of,  L  215-217;  iiistory  of  the  prind- 

,  pal  races  of,   i.  217-222 ;   mode  of 

'  production  of  races  of,  L  822-285 1 
reversion  in,  iL  22 ;  by  age,  IL  14 ; 
produced  by  crossing  in,  U.  14,  22; 
prepotency  of  transmission  of  dm- 
racters  in  breeds  of,  ii.  41,  42;  sexual 
differences  in  some  varieties  of,  iL  50; 
period  of  perfect  plumage  in,  iL  53 1 
effect  of  segregation  on,  iL  63 ;  pre- 
ferent  pairing  of,  within  the  same 
breed,  ii.  81 ;  fertility  of,  increased  by 
domestication,  ii.  90,  138;  effects  of 
inter-breeding  and  necessity  of  cross- 
ing, ii.  106;  indifference  of,  to  change 
of  climate,  iL  144 ;  selection  of,  iL 
79,  183,  188;  among  the  Romans, 
IL  187 ;  unconscious  selection  of,  iL 
19S,  198 ;  fadlity  of  seleeUon  of,  U. 
220 ;  white,  liable  to  the  aftncks  of 
hawks,  ii.  215;  effects  of  disuse 
of  parts  in,  iL  288 ;  fed  upon  meat^ 
ia.  294 ;  effect  of  first  male  upon  the 
subseqcent  progeny  of  the  female, 
L  437 ;  homology  of  the  leg  and  wing 
feathers  in,  ii.  315;  union  of  two 
outer  toes  in  feathcr^le^ged,  ibid,; 
eorreiation  of  beak,  limbs,  tongue, 
and  nostrils,  ii.  816;  analogous 
variation  in,  ii.  341,  342 ;  permanence 
of  breeds  of,  it.  425.^ 

Pigs,  of  Swiss  lake-dwellings,  L  71; 
types  of,  derived  from  Sms  warofa  and 
ites  uu/icttt,  L  68-70 ;  Japanese  (Au 
plieioepi,  Gray),  figured,  L  72;  of 
Padfio  Islands,  L  73,  ii.  64 ;  modifica- 
tions of  skull  in,  L  72-75;  length  of 
intestines  in,  i.  77,  iL  293 ;  period  of 
gestation  of,  i.  77 ;  number  of  verte- 
b'rsB  and  ribs  in,  ibid.;  anomalous 
forms,  i.  78, 79 ;  development  of 
tusks  and  bristles  in,  L  79 ;  striped 
young  of,  i.  80 ;  reversion  of  feral, 
to  wild  type,  i.  80,  81,  ii.  7,  22 ; 
production  and  changes  of  breeds 
of,  by  inter-croesing,  i.  82 ;  effects 
produced  by  the  nrst  male  upon 
the  subsequent  progeny  of  the 
female,  L  486;  pedigrees  oC  i.  447 
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'    poljdactTlism   in,   i.  439;   croM-r*- 
TenioD  in,   ii.  8;   hjbrid,  wildneu 

'  of,  ii.  19;  diaappearance  of  tnalcs 
in  male  under  domestication,  ii. 
50 ;  iolid-liooted,  il.  424 ;  croiMS  of, 
ii.  70,  73 ;  mutual  fertility  of  all 
TarietSoiof,  it  89;  increaied  fertilitj 
br  domeitication,  ii.  90 ;  ill  effects  of 
elMo  interbreeding  in,  iL  100,  101 ; 
influence  of  selection  on,  iL  182; 
prejudice  against  certain  oolours  in, 
Ii.  194,  214,  330 ;  unconscious  selec- 
tion of,  ii.  199;  black  VirginUn,  ii. 
212,  330;  similarity  of  the  best 
breeds  of,  ii.  227  ;  change  of  form  in, 
it  269 ;  effects  of  disuse  of  parts  in, 
iL  289 ;  ears  of,  ii.  291 ;  correlations 
in,  iL  820;  white  buck-wheat  in- 
jurious to,  iL  331;  tail  of,  grafted 
upon  the  back,  ii.  305 ;  extinction  of 
the  older  races  of,  iL  421. 

PiaiEHTA,  ii.  08. 

PlMFKRNEL,  iL  173. 

PiNB-APPLK,  sterilitj  and   rariabilitj 

of  the,  iL  256. 
PiHK,  Chinese,  314. 
PiVKS,  bud-Tariation  in,  L  406;   ini- 

prorement  of,  ii.  201. 
Pinut  pmnUh,  nutghvtf  and  nant,  rarie- 

ties  of  P.  $ylv€9tri8,  L  387. 
Pinus    tyivetti-u,    L    386,    iL    300; 

hybrids    of,   with  P.    nijriotm$f  ii. 

111. 
Pioanr,  on  hereditary  disease,  L  451, 

iL54. 
Piitaoia  foUistfut,  iL  264. 
Pittaoia  MTO,  L  431. 
Pistils,    rudimentary,    in    cultirated 

plants,  iL  307. 
PisrOR,    sterility    of    some    mongrel 

pigeons,  L  202 ;  fertility  of  pigeons, 

iL  91. 
Pitwn  arvtnst  and  mthwn,  L  345. 
PlTTRiisiS  rersioolor,  inheritance  of, 

iL  55. 
Plaxchon,  GL,  on  a  fossil  Tine,  I.  352 ; 

sterility  of  Jui$iaa  grandiJUtra  in 

France,  ii.  154. 
PULKE-TBBE,  Tarlety  of  the,  L  386. 
pLANTiaRADB   carolTon,  general  ste- 
rility of  the,  in  captiritT,  iL  134. 
pLAim,  progress  of  cultivation  of,  L 

822,  329;  cultirated,  their  geogn- 

phiflul  deriTation,  L  828;   crossing 


of,  iL  76,  107;  oomparatire  fer- 
tility of  wild  and  cultivated,  ii.  91 ; 
self-impotent,  iL  112-122;  dimor* 
phic  and  trimorphic,  ihii, ;  sterility 
of,  from  changed  conditions,  ii.  146-- 
149 ;  from  contabescenoe  of  anthers, 
iL  140,  150;  from  monstrosities,  iL 
150,  151;  from  doubling  of  the 
flowers,  iL  151,  152;  from  seedless 
fruit,  ii.  152;  from  exceatsive  de- 
velopment of  vegetative  organs,  ii, 
152-155;  influence  of  selection  on, 
iL  183-185;  variation  by  selection, 
in  useful  parts  of,  ii.  202-204; 
variability  of,  ii.  223 ;  variability  of, 
induced  by  crossing,  iL  252;  direct 
action  of  change  of  climate  on,  ii. 
2f$6.;  chimgo  of  period  of  vegetation 
in,  iL  295;  varieties  of,  suitable  to 
ditferent  climates,  IL  296 ;  correlated 
variability  of,  iL  323-325;  antiquity 
of  races  of,  ii.  425. 

PLAflTicrrr,  inheritance  of,  ii.  227. 

Platbau,  F.,  on  the  vision  of  amphl 
binus  animals,  iL  208. 

PiaU$ia  Jieriif  ii.  28. 

Plato,  notice  of  selection  in  breeding 
dogs  by,  iL  186. 

Plica  polonica,  ii.  265. 

Plimt,  on  the  crossing  of  shepherd 
dogs  with  the  wolf,  L  24 ;  on  Pyr^ 
rhus'  breed  of  cattle,  iL  180 ;  on  the 
estimation  of  pigeons  among  the 
Romans,  L  215;  pears  described  by, 
ii.  200. 

Plum,  L  366-368;  stones  flgured,  L 
366;  varieties  of  the,  L367,  368;  iL 
204;  bud-variation  in  the,  i.  399; 
peculiar  disease  of  the,  iL  213; 
flower4>uds  of,  destroyed  by  bull- 
finches, iL  217 ;  purple-fruited,  liable 
to  certain  diseases,  iL  330. 

Plumage,  inherited  peculiarities  of,  in 
pigeons,  L  169,  170;  sexual  pecu- 
liarities of,  in  fowls,  L  263-268. 

Plurality  of  races,  Pouchet*s  views 
on,  L  2. 

Poo,  seeds  o^  used  as  food,  L  326; 
species  of,  propagated  by  bulblets,  iL 
154. 

PooouAN  cattle,  L  84. 

Pointers,  modification  of,  i.  44; 
croesod  with  the  foxhound,  ii.  78. 

POis  sans  parchemin,  iL  216. 
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PomsAiT,  origin  of  CyUnu  adami,  \. 
410 ;  origin  of  cuUirftted  Ynriotief  of 
frnit-treei,  ii.  347. 

POLisn  fowl,  i.  239, 263,  266,  369,  270, 
275;  skull  figured,!.  275;  section  of 
skull  figured,  i.  877  ;  derelopmont  of 
protuberance  of  skull,  i.  263;  fur* 
culum  fiff ured,  i.  382. 

Pdusm,  or  Uimtlaysn  rabbit,  i.  113. 

FOLLEM,  iL  856,  357;  action  of,  li. 
86;  injurious  action  of,  in  some 
ordiids,  it  115,  116;  resistance  of, 
to  injurious  treiitment,  ii.  148 ;  pre- 
potency of,  iL  171. 

Pollock,  Sir  F.,  transmission  of  rarie- 
gated  leares  in  Baltota  tugra,  i.  409 ;  on 
local  tendency  to  rariegation,  ii.  263. 

POLTAMTIIUS,  i.  464. 

PoLTDAOTTLisif,  inheritance  of,  i.  457- 
459 ;  significance  of,  i.  460. 

Ponies,  most  frequent  on  islands  and 
mountains,  t.  54 ;  Jaranese,  i.  56. 

POOLK,  Col.,  on  striped  Indian  horses,  i. 
61,  63;  on  the  young  of  ^sinus  in- 
duMS,  ii.  17. 

Poplar,  lA}mbardy,  i.  385. 

PoPPiO,  on  Cuban  wild  dogs,  i.  28. 

Poppy,  found  in  the  Swiss  lake-dwell- 
ings, i.  335,  337 ;  with  the  stamens 
converted  into  pistils,  i.  389 ;  differ- 
ences of  the,  m  different  parts  of 
i  ndia,  iL  1 49 ;  monstrous,  fert  ility  of,  ii. 
1 50 ;  black-aeeded,  antiquity  of,  ii.  425. 

Porcupine,  breeding  of,  in  captivity, 
ii.  135. 

Porcupine  family,  i.  448,  ii.  53. 

Porphyria,  breeding  of  a  species  of,  in 
captivity,  iL  140. 

Portal,  on  a  peculiar  hereditary  affec- 
tion of  the  eye,  i.  454. 

Porto  Santo,  ieral  rabbits  of,  {.117. 

Portuhca  oieraccc^  ii.  275. 

Potamochterua  perudUattu^  iL  133. 

Potato,  i.  3.'>0,  351 ;  bud-variation  by 
tubers  in  the,  L  410,  411;  graft- 
hybrid  of,  by  union  of  half-tubers,  L 
420 ;  individual  self-impotence  in  the, 
iL  118;  sterility  of,  iL  153;  advan- 
tage of  change  of  soil  to  the,  ii.  128. 

Potato,  sweet,  sterility  of  the,  in 
China,  iL  153;  varieties,  of  the, 
suited  to  difl'erent  climates,  iL  299. 

PouOHET,  >!.,  his  views  on  plurality  of 
races,  i.  2. 


Pouter  pigeons,  L  143-145 ;  furculum 
figured,  L  176 ;  history  of,  L  217. 

Pown,  Lord,  ezperiroents  in  crossing 
humped  and  English  cattle,  L  86,  iL 
19. 

POTNTER,  Mr.,  on  a  graft-hybrid  rose, 
L  419. 

Prairie  wolf,  L  22. 

Prboocity  of  highly-improTed  breeds, 
iL  313. 

pREPOTKNcr  of  pollen,  iL  171. 

Prkfotenct  of  transmission  of  charao- 
ter,  ii.  40,  158;  in  the  Austrian 
emperors  and  some  Roman  families, 
ii.  40 ;  in  cattle,  iL  40,  41 ;  in  sheep, 
ii.  41 ;  in  cats,  Aid. ;  in  pigeons,  ii.  41, 
42 ;  in  fowls,  iL  42 ;  in  plants,  sZIm/.  ;  in 
a  variety  of  the  pumpkin,  L  380; 
in  the  jackal  over  the  dog,  {L4:5 ;  in 
the  ass  over  the  hors*,  £id, ;  in  the 
pheasant  over  the  fowl,  ibid. ;  in  the 
penguin  duck  over  the  Egyptian 
goose,  iL  44;  discussion  of  the  phe- 
nomena of,  iL  44-47. 

PRESOOTT,  Mr.,  on  the  earliest  known 
European  flower-garden,  iL  202. 

Pressure,  mechanical,  a  cause  of 
modification,  iL  336,  337. 

PREVOST  and  Dumas,  on  the  employ- 
ment of  several  spermatosoids  to  fer- 
tilise one  ovule,  ii.  356. 

Preter,  Prof.,  on  the  effect  of  circum- 
cision, L  467. 

Price,  Mr.,  vsriations  in  the  structure 
of  the  feet  in  horses,  L  52. 

Prichard,  Dr.,  on  polydactylism  in  the 
negro,  L  458 ;  on  the  Lambert  family, 
ii.  53;  on  an  albino  negro,  iL  214; 
on  Plica  polonica,  iL  266. 

Primrose,  i.  464;  double,  rendered 
single  by  trnnsplnntation,  iL  151. 

PrimuiOy  inier-crossing  of  species  of,  L 
356 ;  conubesoence  in,  ii.  150 ; '  hose 
in  hose,'  L  389;  with  coloured 
calyces,  sterility  of,  ii.  149. 

Primula  nnetmn,  varistions,  i.  394 ;  ii. 
324 ;  reciprocally  dimorphic,  iL  1 13 

Primula  terif,  i.  464,  ii.  87. 

Primula  vu'gariSf  L  464,  ii.  87. 

Prince,  Mr.,  on  the  inter-crossing  ol 
strawberries,  L  374. 

Pringsueim,  on  conjugation,  ii.  "52. 

Procucn,  sterility  of,  in  captivity,  iL 
134. 
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PnoLnriCRESs,  incrMied  br  domestica- 
tion, li.  158. 
Pbotozoa,  reprodaction  of  the,  U.  871. 
iVwiw  armaniaoa,  i.  865,  368. 
PnmiM  aoiumj  i.  868. 
Fruntuceranu,  i,  368,  899, 
J*nmui  domutioa,  i.  866. 
Pnmttf  maiiitio,  L  866-868. 
Prirnut  tj^NUMo,  u  866. 
PauuiA,  wild  hones  In,  L  68. 
Pff/ftacui  m'tAocuf,  il.  138. 
FiUlacui  maooa,  ii.  138. 
J^aophia,  generni  sterilitj  of,  in  inp- 

tiviiy,  il.  140. 
PTARMiOAtr  fowls,  i.  240. 
Fulejf  peitetnms,  ii.  265. 
PCMPKUCS,  i.  880. 

PUNO  ponies  of  the  Cordillera,  i.  54. 
.  PuBBY^  Mr.,  value  of  cross-bred  sheep,  ii. 

99;  preference  of  hares  and  rabbits 

for  common  rje,  il.  218. 
PuTSOiiB  and  Vcrtuch,  yarieties  of  the 

poUto,  i.  850. 
Puvia,  effects   of  foreign   pollen   on 

apples,  i.  432;  supposed  non*varia- 

bilitj  of  monotypic  genera,  li.  258. 
Pyrrhwa  vuigvit,  ii.  2 17 ;  assumption 

of  the  hen-plumage  by  the  male,  in 

confinement,  ii.  141. 
PTRaiius,  his  breed  of  cattle,  ii.  186. 
Pyrvs,  fastigate  Chinese  species  of,  ii. 

266. 
Pynu  aoerbOf  i.  869. 
JPynu  auauparia^  il.  216. 
Fyru$  conununia,  I.  872,  401. 
PyruM  malus,  L  869,  401. 
Pyrua  paradUiaoai^  i.  869. 
Pyrtupraoox,  i.  370. 

QUAOOA,  prerioos  impregnation  by,  i. 
435. 

QUATREFAQES,  A.  DE,  on  the  burrowing 
of  a  bitch  to  litter,  i.  28 ;  selection 
in  the  silkworm,  i.  317 ;  derelopment 
of  the  wings  In  the  sllkmoth,  i.  320, 
ii.  288;  on  varieties  of  the  mulberry, 
i.  854 ;  special  raising  of  eggs  of  the 
rilk-moth,  li.  181;  on  disease  of  the 
silkworm,  il.  213;  on  monstrosities 
in  insects,  IL  257, 385 ;  on  a  change  in 
the  breeding  season  of  the  Egyptian 
goose,  ii.  294;  fertilisation  of  the 
TaredOf  ii.  856;  tendency  to  simi- 

'  larity  in  the  best  races,  a.  227 ;  on 


■  his  **tiwi>ahm  viM,"*  iL  85;  on  the 
independent  existence  of  the  tezual 

*  elements;  11.  852. 

Cn^rcics  cvrrw,  i.  386. 

Qmixitu  nAur  and  pcdnmendat^  hybrids 
of,  ii.  111. 

QuiNOE,  pears  grafted  on  the,  iL  246. 

RABOm,  domestic,  their  origin,  I.  loi?- 
109;  of  Mount  Sinai  and  Algeria,  i. 
109;  breeds  of,  i.  100-116;  Uima« 
.  layan,  Chinese,  Polish,  or  iiusslan,  L 
112-115,  ii.  75;  feral,  i.  116-120; 
of  Jamaica,  L  116;  of  the  Falkland 
IsUods,  •*/&/. ;  of  '  Porto  Santo,  I. 
117-120,  ii.  81,  269;  osteologioal 
characters  ot^  i.  120-134;  discussion 
of  modifications  in,  1.  132^140';  one-> 
eared,  transmission  of  peculiarity  of, 
i.  456 ;  reyersion  in  feral,  ii.  6 ;  in 
the  Himalayan,  ii.  15;  crossing  of 
white  and  coloured  Angora,  li,  70; 
comparative  fertility  of  wild  and 
tame,  il.  90 ;  falsified  experiments  in 
interbreeding  of,  iL  100 ;  high-bred, 
often  ImuI  breeders,  HbkL;  selection 
of,  ii.  188 ;  white,  liable  to  destruc- 
tion, iL  215;  effects  of  disuse  of 
parts  in,  iL  288;  skull  of,  affected 
by  drooping  ears,  IL  291 ;  length  of 
intestines  in,  il.  293 ;  correlation  of 
ears  and  skull  in,  IL  316, 317 ;  varia- 
tions in  skull  of,  IL  843 ;  periosteum 
of  a  dog  proclutiing  bone  in,  iL 
365. 

Rack-horsr,  origin  of,  i.  56. 

Races,  modification  and  formation  o^ 
by  crossing,  IL  73-77 ;  natural  and 
artificial,  ii.  232 ;  Pouchet's  views  on 
plurality  of,  L  2 ;  of  pigeons,  L  217- 
222. 

Radclyfpb,  W.  F..  effect  of  climate 
and  soil  on  strawberries,  i.  876 ;  con- 
stitutional differences  in  rosos,  i. 
391. 

KAnuiusH,  L  345;  crossing  of,  IL  68; 
varietl<»  of,  iL  202. 

Radlkofbr,  retrogressive  metamor- 
phosis in  mosses  and  algsi,  IL  354. 

Rafari.^t,  M.,  bud-variation  and  rever- 
sion, L  403. 

Rapflbs,  Sir  Stamford,  on  the  eroeslng 
of  Jttvnnese  cattle  with  Boa  mndcuauy 
IL  191. 
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Ram,  foat-like,  from  the  Cape  of  Good 

Hope,  iL  41. 
RAJtu,  M.,  on  appendngM  to  throat  of 

goat,i.  lOtf. 
Ranohoi,  heredity  of  dUeaaes,  i.;451. 
Ramob  of  galliaaoeou  birds'  oi|   the 

Himalaya,  L  349. 
Ranks,  oa  the  effectf  of  nae  and  disue 

oforgaaa,  it.  285. 
Stuumathu  fcarhj  ii.  154,  . 
Bammoulms  repem$,  ii.'152. 
Rape,  L  344.  . 
Rajikimms  omdahu,  L  845." 
Hapkamu  rapkamistrumj  L  945. 
Saphamu  aa^ivw,  ii.  335. 
Raspberry,  yellow-fruited,  iC.  816.      - 
Rattles:! AKB,  ezperimeats  with  poison 

of  the,  ii.  279. 
Ravbw,  stomach  of,  afiected  1y  rege- 

talle  diet,  ii.  292. 
Rawson,  a.,  seif*impoteBce'  in  hybrids 

of  Gladtohu,  ii.  121, 122. 
RIb,  Comte,  OB  the  assvmption  .of  a 

yellow  colour  by  all  viirieties  of  maise, 

i.  339. 
Reaumur,  efleet  of  confinement  upoa 

the  cock,  ii.  27 ;  fertility  of  fowls  in 

m6st  climates,  ii.  144., 
Reed,   Mr.,  atrophy  of  the  limbs  of 

rabbits,  consequent  on  the  destruc- 
tion of  their  nenres,  ii.  287. 
Regeneration  of  amputated  parts  in 

man,  i.  459 ;  in  the  humaa  embryo, 

ii.  857 ;    in  the  lower  Tertebrata, 

insects,  and  myriapoda,  ii.  858. 
Re-orowtu  of  amputated  joints,  ii. 

857. 
Regnibr,  early  cultivation  of  the  cab- 

bsge  by  the  Celts,  L  842 ;  selection 

practised  by  thu  Celts,  ii.  187. 
Reindeer,  individuals  recognised  by 

the  Laplanders,  ii.  238. 
Reissek,  experiments  in  crossing  Cyiisua 

ptrpureus  and  hbmmumj  i.  416 ;  mo- 
dification of  a.jr.(M<iiifi  by  (Eddiitm^ 

ii.  274. 
Relations,  characters  of,  reproduced 

in  children,  ii.  7. 
Benoobr,  occurrence  of  jaguars  with 

crooked    legs   in   Paraguay,   L   17; 

&»l:ed  dogs  of  Paraguay,  i.  24,  82,  ii. 

70, 80 ;  fernl  dogs  of  La  Plata,  i.  28 ; 

'>a  the  aguara,  i.  27 ;  cats  of  Para* 

gnay,  L  48,  ii.  63, 133;  dogs  of  Para- 


gnay,  Ii.  64;  feral  pigs  of  Buenos 
Ayres,  L  80;  on  the  refusal  of  wild 
animals  to  breed  in  captivity,  ii.  182  ; 
on  Dieutifldt  iakiaiu$,  it  188 ;  titHllif 
of  plantigrade  caralyora  in  captivity, 
il.  134;  on  Caoia  aperoa,  tUtf.; 
sterility  of  0*ms  (Uarm  in  Oaptivity; 
iL  136 ;  abortions  produced  by  wild 
animals  in  captivity,  iL  142,i 

Rbpboduction,  sexual  and  asexual, 
contrasted,  ii.  851 ;  unity  of  forms 
of,  ii.  878;  antagonism  of,  to  growth, 
iL  879. 

iSssMb  odbmte,  self-sterility  of,  iL  118, 
223. 

Retinitis,  pigmentary,  in  deaf-mutes, 
ii.  322.  . 

Rbutbr,  Herr^  potato^rafting^  L 
422. 

Rbvebbion,  iL  1, 2, 868, 869, 390, 398* 
899;  in  pigeons,  iL  2;  in  cattle,  IL 
.  8 ;  in  sheep,  ihUL ;  in  fowls,  li^  4 ;  in 
the  heartsease,  ibid,;  in  vegetables, 
Aid, ;  in  feral  animals  and  iSants,  ii. 
5-7;  to  chnrncters  derived  from  a 
previous  cross  in  man,  dogs,  pigeons, 
pigs,  and  fowls,  ii.  7-^;  in  hyi.rids, 
ii.  9;  by  bud-propagation  in  plants, 
ii.  10-13;  by  age  In  fowls,  cattle, 
&Cf  ii.  12,.  13;  partial,  from  an  in- 
jury, iL  12 ;  caused  by  crossing,  iL 
13-25;  explained  by  latent  charac- 
ters, IL  2^1 ;  producing  monstro- 
sities, .iL  31;  producing'  pelorio 
flowers,  ii.  82-34;  of  feral  pigs  to 
the  wild  type,  L  81, 82 ;  of  supposed 
feral  rabbito  to  the  wild  type,  L  108, 
116,  118}  of  pigeons,  in  coloration, 
when  crossed,  1.  206-218;  in  fowls, 
L  251-258;  in  the  silkworm,  L  818| 
in  the  pansy,  L  893;  in  a  pelargo- 
nium, L  403;  in  Chrysanthemums, 
L  404;  of  varieties  of  the  China  rose 
in  St,  Domingo,  i.  406 ;  by  buds  in 
pinks  and  carnations,  i.  407 ;  of  la- 
ciniated  varieties  of  trees  to  the 
normal  form,  L  408;  in  variegated 
leaves  of  plants,  L  409 ;  in  tulips,  L 
412;  of  suckers  of  the  seedless  bar- 
berry to  the  common  form,  L  410; 
by  buds  in  hybrids  of  TroptBolwnt  L 
425;  in  plants,  i.  442;  of  crossed 
peloric  snapdragonSflL  46 ;  nnalogoui 
variations  due  to,  iL  840-844^     . 
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RniNOOEVOt,  breeding  in  captiritr  in 
IndiA,  ii.  132. 

Shodudindnm,  hybrid,  U.  253. 

Modoikmiron  ciluitui%  ii.  267. 

^hodudeHdron  dalhmuiaf  effect  of  pol* 
len  of  S.  mUtam  upon,  i.  431. 

JUba  grosMtariOt  L  876-378,  400. 

nates  rvbrwnf  i.  400. 

RiiMi  nvmlNnr   and    chancten  of,  in 

'  fowls,  i.  280 ;  characters  of,  in  dncks, 
L  297, 298. 

RiOB,  imperial,  of  China,  ii«  189;  In- 
dian Tarieties  ot,  ii.  243 ;  Tariety  of, 
n  >t  requiring  water,  ii.  205. 

RiOiiARD8r>N,  H.  D.,  on  jaw-appendages 
in  Irish  pigs,  i.  79;  management  of 
pigs  in  China,  i.  71;  occurrence  of 
striped  yoang  in  Westphalinn  pigs,  i. 
80 ;  on  crossing  pigs,  ii.  73 ;  on  in- 
terbreeding pigs,  ii.  102 ;  on  selection 
in  pigs,  ii.  178. 

RiOiiARDSOW,  Sir  John,  obserrations  on 
the  resemblance  between  North  Ame- 
rican dogs  and  wolves,  i.  21, 22;  on 
the  burrowing  of  wolres,  i.  28 ;  on 
the  brood  feet  of  dogs,  wolves,  and 
foxes  in  North  America,  L  42;  on 
North  American  horses  scraping  away 
the  snow,  L  55. 

Midnvif  annual  in  England,  ii.  295. 

RiEDEL,  Dr.,  on  the  *«Bagadotte" 
pigeon,  i.  148;  on  the  Jacobin  pi- 
geon, i.  162;  fertility  of  hybrid 
pigeons,  L  201 ;  circumcision,  i.  467. 

Riley,  on  Phylloxera,  i.  354. 

RiNDEBPEBT,  ii.  873. 

RiMTOUL,  Mr.,  potato  -  grafting,  1. 
421. 

Ria»,  on  Tarieties  of  the  orange,  i.  357, 
ii.  298,  824. 

RiTBRS,  Lord,  on  the  selection  of  grey- 
hounds, ii.  221. 

Rivers,  Mr.,  persistency  of  characters 
in  seedling  potatoes,  i.  351 ;  on  the 
peach,  i.  357,  359;  persistency  of 
races  in  the  pench  and  nectarine,  i. 
860,  361;  connection  between  the 
peach  and  the  nectarine,  1.  361 ;  per- 
sistency of  character  in  seedling 
apricots,  L  366 ;  origin  of  the  plum, 
ittid.!  seedling  varieties  of  the 
plum,  i.  867;  persistency  of  cha- 
racter in  seedling  plums,  i.  368; 
bod-variation  in   the  plum    i.  890;  } 


plum  attacked  br  bullfinches,  ii' 
217;  seedling  apples  with  surface* 
roots,  i.  371 ;  variety  of  the  apple 
found  in  a  wood,  ii.  247;  on  roses, 
i.  390,891;  bud-variation  in  roses, 
i.  404-406 ;  production  of  Provence 
roses  from  seeds  of  the  moss-rose,  i. 
405 ;  effect  produced  by  grafting  on 
the  stock  in  jessamine,  i.  418 ;  in  the 
ash,  ibUi, ;  on  grafted  hasels,  i.  419; 
hybridisation  of  a  weeping  thorn,  i. 
461;  experiments  with  the  seed  of 
the  weeping  elm  and  ash,  i.  462; 
variety  of  the  cherry  with  curled 
petals,  ii.  218. 

Rxvi^B^  reproduction  of  Onch/itim  co- 
vertdahianum,  iL  114. 

RoiiERTS,  Mr.,  on  inheritance  in  the 
horse,  i.  454. 

RODEBTSON,  Mr.,  on  glandular-leaved 
peaches,  L  864. 

ROBIBET,  on  the  silkworm,  1.  317^3.*!, 
it.  181. 

Jiobmia,  ii.  264. 

RoiMOir,  Mr.,  deficiencies  of  half-bred 
horses,  L  455. 

ROBSOM,  Mr.,  on  the  advantage  of 
change  of  soil  to  plants,  iL  128,  129; 
on  the  growth  of  the  verbena,  ii. 
263 ;  on  broi*ooli,  ii.  801. 

Rook  pigeon,  measurements  of  the,  i. 
140;  figured,  i.  141. 

RODEMTB,  sterility  of,  in  captivity,  ii. 
134. 

nodrlgttetia,  W.  115,  116. 

RODWBLL,  J.,  poisoning  of  horaos  by 
mildewed  tares,  ii.  331. 

RoiiiLCUND,  fttral  humped  cattle  in,  i. 
83. 

RoUiB,  F.,  on  the  history  of  the  peach, 
ii.  299. 

R01J.ER-PIOEON8.  Dutch,  i.  158. 

K01J.E8TON,  Prof.,  inherited  effects  of 
injuries,  i.  469;  incisor  teeth  af- 
fected in  form  in  cases  of  pulmonary 
tubercle,  ii.  325. 

ROMANBB.  on  sternum  of  the  fowl,  i. 
'^88 ;  rudimentary  organs,  it.  309. 

ROUAM8,  estimation  of  pigeons  by,  {. 
215;  breeds  of  fowls  possessed  by,  L 
243,  2^8. 

Rooks,  pied,  ii.  53. 

Son,  cultivated  species  of,  i.  390. 

^ota  dmoniaaiSf  graft-hybrid  produced 
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by,  on  the  whiU  fiankiiaa  rose,  i. 
419. 

Roaa  indha  and  oeiUi/olia,  f«rtUe  hybrids 
of,  i.  890. 

Sosa  sptnoMtimOf  hisiorj  of  the  cultare 
of,  i.  391. 

noAELUNi,  on  Egyptian  dogi,  i.  17. 

Boras,  i.  890,  891;  origin  of,  1.  888; 
bud-Tariation  in,i.  404-406;  Scotch, 
doubled  by  selection,  it  185;  coo- 
tinaons  rariation  of,  iL  228 ;  effect 
of  seasonal  conditions  on,  it.  263; 
noisette,  ii.  299;  galls  of,  ii.  274. 

Boss,  Dr.,  on  Pangenesis,  ii.  850,  377. 

BoOBNiiAis,  rabbit,  i.  109. 

Boujon,  polydactylism,  and  arrested 
development,  i.  458. 

BOULIM,  on  the  dogs  of  Jnan  Femandes, 
i.  27 ;  on  South. American  cats,!.  48; 
striped  young  pigs,  u  80 ;  feral  pigs 
in  South  America,  i.  81,  ii.  7 ;  on 
Columbian  cattle,  i.  92,  ii.  189,  212  ; 
effects  of  heat  on  the  hides  of  cattle 
in  South  America,  L  95;  fleece  of 
sheep  in  the  hot  ralleys  of  the  Cor- 
dilleras, L  102 ;  diminished  fertility 
of  these  sheep,  il. .  145 ;  on  black- 
boned  South  American  fowls,  i.  271 ; 
rariation  of  tlio  guinoa-fowl  in  tropical 
America,  i.  810 ;  frequency  of  striped 
legs  in  mules,  ii.  16;  geese  in  Bogota, 
ii.  145 ;  sterility  of  fowls  introduced 
into  Boliria,  ii.  145. 

Bor,  M.,  on  a  ^'ariety  of  Magnolia  grat^ 
diflora,  11.20^, 

BOTLB,  Dr*,  Indian  rarieties  of  the  mul- 
berry, i.  854 ;  on  Agave  mmparOy  ii. 
153;  variety  of  rice  not  requiring 
irrigation,  ii.  295 ;  sheep  from  the 
Cape  in  India,  ii.  296. 

HvbuM,  pollen  of,  ii.  256. 

BODiM£NTAttT  organs,!.  12,  ii.  306-310. 

BUFZ  DB  Lavison,  extinction  of  breeds 
of  dogs  in  France,  ii.  421. 

BumNANTS,  general  fertility  of,  in  cap- 
tivity, ii.  133. 

BunrLESS  fowls,  i.  241. 

BUMTS,  i.  149-151 ;  history  of,  i.  220 ; 
lower  jaws  and  skull  figured,  i.  173. 

BussBUi^  Lord  A.,  spiegelcarpe,  ii.  222. 

BossiAN  or  Himalayan  rabbit,  i.  112. 

BOnMETEB,  Prof.,  dogs  of  the  Neolithic 
period,  i.  19 ;  horses  of  Swiss  lake- 
dwellings,  i.  51 ;  diversity  of  early 


domesticated  horses,  i.  53 ;  pigs  of  tha 
Swiss  lake-dwellings,  i.  68,  71;  on 
hnmped  cattle,  i.  83;  parentage  of 
European  breeds  of  cattle,  i.  84,  ii. 
423 ;  on  "  NUU  "  cattle,  i.  93 ;  sheep 
of  the  Swiss  lako-dwelllngs,  i.  97,  ii. 
423 ;  goats  of  the  Swiss  lake-dwell- 
ings, i.  105 ;  absence  of  fowls  in  the 
Swiss  lake-dwellings,  i.  258;  on 
crossing  cattle,  ii.  76;  differences  in 
the  bones  of  wild  and  domesticated 
animals,  il.  268 ;  decrease  in  size  of 
wild  European  animals,  ii.  427. 

Bte,  wild,  be  Candolle*s  observations 
on,  i.  830 ;  found  in  the  Swiss  lake- 
dwellings,  i.  337  ;  common,  pi*eferrod 
by  hares  and  rabbits,  ii.  218;  less 

.  variable  than  other  cultivated  plants, 
ii.  241. 

Sabine,  Mr.,  on  the  cultivation  of  lioaa 
tpinoiiuima,  i.  391 ;  on  the  cultiva- 
tion of  the  dahlia,  i.  393, 394,  ii.  249 ; 
effect  of  foreign  pollen  on  the  seed* 
vessel  in  Amaryllig  vUiata,  i.  481. 

St.  Anoe,  influence  of  the  pelvis  on  the 
shape  of  the  kidneys  in  birds,  ii.  336. 

St.  DoanMOO,  wild  dogs  of,  i.  28 ;  bud- 
variation  of  dahlias  in,  1.  411. 

St.  lIiLAiBB,  Aug.,  milk  furnished  by 
cows  in  South  America,  ii.  290; 
husked  form  of  maize,  i.  339. 

St.  John,  C,  feral  cats  in  Scotland,  1. 
49 ;  taming  of  wild  ducks,  1.  292. 

St.  Valkby  apple,  singular  structure 
of  the,  i.  372,  artiSdal  fecundation 
ofthe,  i.  432. 

St.  Vitus'  Dance,  period  of  appearance 
of,  iL  54. 

Sachs,  Prof.,  flow  of  s.ip,  ii.  286. 

Saoeret,  origin  and  varieties  of  the 
cherry,  L  368, 869 ;  origin  qf  varieties 
of  the  apple,  i.  872;  incapacity  of 
the  cucumber  for  crossing  with  other 
species,  L  883 ;  varieties  of  the  melon, 
vjU,;  supposed  twin-mongrel  melon, 
i.  427 ;  crossing  melons,  ii.  86, 109 ;  on 
gourds,  ii.  86 ;  effects  of  selection  in  en- 
larging fruit,  iu  202;  on  the  tendency 
to  depart  from  type,  ii.  228 ;  variation 
of  plants  in  particular  soib^  Ii.  267. 

Salamamder,  experiments  on  the,  ii. 
283,  357,  885;  regeneration  of  lost 
parU  in  the,  ii.  357-359. 
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SalanKmdra  crittatOy  polydactylism  in, 
i.  548. 

SALisnuRT,  Mr.,  on  the  prodnotlon  of 
necULrinei  by  peach-traet,  L  SCI ;  ob 
the  dllhlU^  L  393,  894. 

BaiiXy  intercroMin;  of  spedef  of,  I.  856. 

SaUa  humUii,  pilU  of,  IL  272,  273. 

SALf«iE,  feral  guinea-fowl  in  St.  IXomingo, 
I.  810. 

BluiOR,  enrlf  breeding  of  mnle,  ii.  879. 

^LTER,  Mr.,  OB  bud-variation  in  pelar- 
goniums, i.  403;  in  the  Chryean- 
themum,  i.  .404;  transmiuion  of 
variegated  learet  by  seed,  i.  409; 
bud-vurintion  by  suclcen  in  Pkhx^  i. 
410;  application  of  selection  to  bud- 
rarieties  of  plants,  i.  443 ;  aocumn- 
latire  eflect  of  changed  conditions  of 
life,  ii.  249;  on  the  variegation  of 
•trawberry  leaves,  ii.  264 ;  on  pollen 
within  ovules,  ii.  387. 

hALTKR,  S.  J.,  hybrids  of  QaUm  ton- 
neratii  and  the  oommoB  fowl,  i.  246, 
ii.  19 ;  crossing  of  races  or  species  of 
rats,  ii.  65. 

SaLVIK,  habits  of  the  Jackal,  1.  25; 
mutilation  inherited  in  mot-mtil,  L 
470. 

SAMBBREDTiiERyOn  inheritanoo  iu  cattle, 
i.  455. 

SandfoiID.  8e^  Dawkdcs. 

Sansox,  M.,  origin  of  the  horve,  i.  54 ; 
Inmbar  vertebra  of  pigs,  L  77. 

Sai»,  ascent  of  the,  iL  286. 

Saponaria  caluhrioa^  i.  463. 

Sai<obta,  on  IMstacIa,  L  43\.. 

Sardinia,  ponies  of,  I.  54. 

Sars,  on  the  de\ielopment  of  the 
hydroida,  ii.  364. 

SATiATioar  of  the  stigmn,  i.  434,  435. 

Satumia  pyri,  sterility  o^  in  coafine- 
ment,  ii.  141. 

Saul,  on  the  management  of  prixe 
gooseberries,  i.  378. 

SauviOnv,  varieties  of  the  gold-fish,  L 
812. 

SAYAaES,  their  indiserlminata  use  of 
planU  as  food,  i.  325*327 ;  fondness 
of,  for  taming' animals,  ii.  144. 

8a VI,  effect  of  foreign  pollen  on  maixe, 
L430. 

SaxifroQa  gettm^  ii.  150. 

Sayzid  MoiiAifiiBD  Mdbari,  on  ear- 

'  ricr-{4geons,  1.   148;    on  a    pigeon 


which  utters  the  sound  **  Vahu,**  L 
163. 

Soanderoonb  (pigeoBs),  L  149, 150. 

SOAIQA,  remains  of  Jhtfrontonu  found 
.  in,  i.  85. 

Scapula,  characters  of.  In  rabbits,  L 
129 ;  in  fowls,  i.  282 ;  in  pigeons,  i. 
177;  alteration  of,  by  disuse,  ib 
pigeons;  L  184. 

Scarlet  fever,  ii.  272. 

SciiAArFHAUBBX  ou  the  horses  npre- 
sented  in  Greek  statues,  ii.  19S. 

ScDLEiDEif,  excess  of  noarishment  a 
cause  of  variability,  ii.  244. 

SoiiMBRLiMO,  Dr.,  varieties  of  the  Ji>g 
found  in  a  cave,  i.  19. 

SOHOMDUBOK,  Sir  R.,  on  the  dogs  of 
Indians  of  Guiana,  L  20,  23,  ii.  191 ; 
on  the  musk  duck,  i.  191 ;  bud- 
variation  in  the  banana,  '  i.  401 ; 
reversion  of  varieties  of  the  China 
rose  in  St  Domingo,  i.  406;  sterility 
of  tame  parrots  in  Guiana,  ii.  188 ; 
on  V^ndrooyffna  oA/Nato,  Ii.  140  \ 
selection  of  fowls  in  Guiana,  ii.  194. 

SoiiRisiDBRS,  on  /'ro(0iu,  il.  287. 

SchOtzb  on  the  Torischwein,  i.  71. 

Sciuropterus  vohoella,  ii.  135. 

Soiunu  pdmarum  and  ciner^  ii.  135. 

SoLATER,  P.  L.,  on  Aainut  tcmiopus,  i. 
65.  ii.  16 ;  on  AainuM  mduma,  ii.  17 ; 
striped  character  of  young  wild  pigs, 
i.  72;  osteology  of  QaUiHula  nMiotin, 
i.  302 ;  on  the  black-shouldered  pea- 
cock, i.  305-307;  animals  breeding 
in  Zoological  Gardens,  il.  131 ;  birds 
brooding  in  Zoological  Gardens,  it 
136;  on  the  breeding  of  birds  in 
captivity,  ii.  136,  140. 

SoOTOii  fir,  local  variation  of,  i.  386. 

SnoTOii  kail  and  cabbage,  cross  between, 
ii.  76. 

SooTT,  JonN,  irregularities  in  the  sex 
of  the  flowers  of  maixe,  i.  339 ;  bud- 
variatlcn  in  Imatophyllum  muUatvmf 
i.  411 ;  crosning  of  species  of  lerte*- 
cum,  ii.  84,  85 ;  self-sterility  of  Ter- 
htuaun,  ii.  118;  experiments  on 
crossing  PrimukB,  il.  87;  reproduc- 
tion of  orchids,  ii.  114;  fertility  of 
Oneidium  divarioatum,  ii.  147;  accli- 
matisation of  the  sweet  pea  In  India, 
ii.  302 ;  ndmber  of  seeds  in  itort^Mra 
and  GomgorOf  ii.  373. 
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SOROnB,  on  the  Sooich  deerhoaiid,  |L 
49, 100. 

SouDDER,  l>r,,  on  re-^^wth,  ii.  359; 

Sebrioiit,  Sir  John,  effects  of  close 
inter-breeding  in  dpgs,  ii.  109 ;  care 
taken  by,  in  selection  of  fowls,  ii.  18  U 

3eeqle  eertale,  iL  241. 

Bkdowtck,  W.,  effects  of  crossing  on  tho 
female,  i.  436;  on  the  **Porcvl>ine 
man,*  I.  448;.  on  hereditary  diseases, 
L  461 ;  hereditary  affections  of  the 
eye,  1. 453,  it  54 ;  inheritance  of  poly- 
dactyllsm  and  anomnliei  of  the  ex- 
tremities, I.  '458,  459 ;  morbid  nni- 
formity  in  the  same  fnmily,  1.  460 ; 
on  deaf-mntes,  I.  466 ;  inheritance  of 
injury  to  the  eye,  L  469;  atavism 
in  diseases  and  anomalies  of  strnctare, 
ii.  8;  non-rerersion  to  night> blind- 
new,  ii.  10 ;  sexual  limitation  of  the 
transmission  of  peculiarities  in  man, 
ii.  48,  49 ;  on  the  effects  of  hard- 
drinliing,  ii.  280;  inherited  bnldoess 
with  deHciency  of  teeth,  ii.  310,  320; 
oocnrrenoe  of  a  molar  tooth  in  place 
of  an  incisor,  ii.  375 ;  diseases  occur- 
ring in  alternate  generations,  ii.  396. 

SeoiLLOT,  on' the  remoral  of  portions  of 
bone,  iL  286 

Seeds,  early  selection  of,  ii.  188;  rudi- 
mentary, in  gmpes,  ii.  300 ;  relatiTO 
position  of,  in  the  capsule,  it  337. 

Seeds  and  buds,  close  nnalogies  of,  1. 
444. 

Sekmahh,  B.,  crossing  of  the  wolf  and 
Esquimaux  dogs,  i.  22. 

Seorhoatioit  of  characters,  i.  425, 439. 

Sblby,  p.  J.,  on  the  bud-destroyiog 
habits  of  the  bullfinch,  ii.  217. 

SelbotioX,  ii.  176-236 ;  methodical,  L 
224,  ii.  178-195;  by  the  ancients 
and  semi-civilised  people,  ii.  185-195 ; 

.  of. trifling  charncters,  ii.  193-195; 
unoon»cious,  i.  224,  227,  ii.  158, 
105-202;  effects  of,  shown  by  differ- 
ences in  most  yalued  parts,  ii.  202- 
205 ;  produced  by  accumulation  of 
Tariability,  ii.  205-208;  natural,  as 
affecting  domestic  productions,  iL 
169-174,  209-219:  as  the  origin  of 
species,  genera,  and  other  groups,  iL 
425^28;  circumstances  fiiTourablo 
to,  U.  219-226 ;  tendency  of,  townrds 
cxuemes,  iL  226-229;  possible  limit 


of,  iL  229 ;  influence  of  tima  on,  iL 
230,  232 ;  summary  of  subject,  iL 
234,  236 ;  effects  of,  in  modifying 
breeds  of  cattle,  L  96;  in  preserring 
the  purity  of  breeds  of  sheep,  L 
103, 104;  in  producing  Tarieties  of 
pigeons,  L  222-220;  in  )>reeding 
fowls,  i.  244,  245 ;  in  the  goose,  L 
305;  in  the  canaiy,  L  811;  in  the 
gold-flsh,  L  812;  in  the  silkworm,  L 
316,  317 ;  contrasted  in  cabbages  and 
cereals,  L  ^41 ;  in  white  mulberry,  L 
854 ;  on  gooseberries,  L  878 ;  applied 
to  wheat,  L  835,  886 ;  exemplified 
in  carrots;  &c,  L  845;  in  potato,  L 
351 ;  in  the  melon,*  L  883 ;  in  flower- 
ing  plants,  L  388 ;  in  the  hyacinth,  L 
395;  applied  to  bud-varieties  of 
plants,  1.  443 ;  illustrations  of,  iL 
41^424. 

SsLECnoir,  sexual,  iL  51. 

SeLt-ikpotemoe  in  plants,  iL  112- 
122;  in  individual  plants,  iL  117- 
120;  ofhybrids,iL158. 

Selwtk,  Mr.,  on  the  IMngo,  L  26. 

SKLTS-LoiioaiAilPS,  on  hybrid  ducks, 
i.  199,  IL  20,  140;  hybrid  of  the 
hook-billed  duck  and  Egyptian  goose, 
L  296. 

Serinoe,  on  the  St.  Valery  apple,  L  371. 

Serpent  melon,  1.  383,  ii.  324. 

Serri^  Olivier  i>e,  wild  poultry  in 
Guinna,  L  249. 

Sesamum,  white-eeeded,  antiquity  of 
the,  ii.  425. 

Setaria^  found  In  the  Swiss  lake-dwell- 
ings, i.  335. 

SETTisaAST,  sheep  poisoned  by  buck- 
wheat, ii.  831. 

Setters,  degeneration  of,  in  India,  L 
39 ;  Youatt's  remarks  on,  L  43. 

Sex,  secondary  characters  ol^  latent,  ii. 
26,  27 ;  of  parents,  influence  of,  on 
hybrids,  ii.  255. 

Sexual  characters,  sometimes  lost  in 
domestication,  ii.  50. 

Sexual  limitation  of  characters,  ii.47- 
51. 

Sexual  peculiarities,  induced  by  do- 
mestication in  sheep,  L  98 ;  In  fowls, 
L  264-267  ;  transfer  of,  L  268-270. 

Sexual  rariability  in  pigeons,  L  169, 
170. 

Sexual  selection,  ii.  51. 
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SiiACDOcc,  i.  855. 

Bhailzr,  Mr.,  on  the  moM-roso,  L  405. 

Shan  pooiet,  itripod,  I.  61. 

SiiAwanAi  fowls,  1.  237. 

SuANQUAi  oho«p,  their  feconditr,  L 
101. 

SUEEP,  disputed  origin  of,  i.  97 ;  earlr 
domesticfition  of,  i.  98 ;  large-UiileJ, 
I.  98,  102,  iL  209;  Turiationt  in 
horns,  mammiB,  and  other  eharactort 
«f,  i.  99;  sexual  characters  of,  induced 
.  by  domestication,  ilmi, ;  adaptation 
of,  to  climate  and  pasture,  i.  100, 
101 ;  periods  of  gestation  of,  L  101 ; 
eficct  of  heat  on  the  fleece  of,  i.  102, 

103,  ii.  268;  effect  of  selection  on,  i. 
103-105 ;  "  ancon"  or  "  otter"  breeds 
of,  i.  104;   ''Alanchnmp-merino,"  i. 

104,  105;  cross  of  German  and 
merino,  ii.  66 ;  black,  of  the  Taren- 
tino,  ii.  212;  Karakool,  il.  268; 
Jaffna,  with  callosities  on  the  knees, 
il.  292;  Chinese,  il.  SOB;  Danish,  of 
the  Bronze  ])eriod,  ii.  423 ;  polydac- 
tylism  in,  i.  459;  occasionnl  pro- 
duction of  horns  in  hornless  breeds 
of,  ii.  3 ;  reversion  of  colour  In,  ibid,  ; 
influence  of  male,  on  offspring,  ii.  45 ; 
sexual  differences  in,  Ii.  49 ;  influence 
of  croesiog  or  segregation  on,  ii.  63, 
73,  80,  81 ;  interbreeding  of,  IL  08, 
99 ;  effect  of  nourishment  on  the 
fertility  of,  IL  90 ;  value  of,  cross- 
bred, ii.  99;  diminished  fertility 
of,  under  certain  conditions,  ii.  145; 
unconscious  selection  of,  ii.  108; 
natural  selection  in  brotids  of,  ii.  210, 
212 ;  reduction  of  bones  In.  ii.  228 ; 
individual  differences  of,  il.  238; 
local  changes  in  the  fleece  of,  In  Eng- 
land, ii.  268 ;  part'al  degeneration  of, 
in  Australia,  i'imI.  ;  correlation  of 
horns  and  fleece  :n,  Ii.  S18;  feeding 
on  flesh,  ii.  293 ;  acclimatlsatlun  o£ 
ii.  296;  mountain,  resistance  of,  to 
severe  weather,  ii.  303 ;  white,  poi- 
soned hj  I/yperioum  erisfAan,  ii.  331. 

tSiiEEP  dogs,  resembliag  wolves,  i.  24 ; 

mutilated  Uil  inherited,  i.  470. 
3UBIXI,  sinistrai  and  dextral,  il.  28. 
SiURLBr,  £.  P.,  on  the  fallow-deer,  IL 

81,  99. 
)iiiRBRFr,  Mr.,  new  varieties  of  wheat, 

i.  33'J,  334;  on  crossing  wheat,  ii. 


83;  variability  of  wheat,  i.  410; 
continous  variation  of  wheat,  il.  228. 

Short,  D.,  hybrids  of  the  domestic  cat 
and  Feiit  amatcit  i.  47. 

SiAil,  cats  of,  i.  46 ;  horses  of,  I.  59. 

Siberia,  northern  range  of  wild  horses 
in,  i.  56. 

SioiiEL,  J.,  on  the  deafness  of  white 
cats  with  blue  eyes,  ii.  823. 

SlDHBT,  S.,  on  the  pedigrees  of  pigs, 

.  i.  447 ;  on  cross-reversion  in  pigs,  ii. 
8 ;  period  of  gestation  in  the  pig,  i. 
77 ;  production  of  breeds  of  pigs  by 
intercrossing,  i.  82,  ii.  73;  fertility 
of  the  pig,  ii.  90;  effects  of  inter- 
breeding on  pigs,  ii.  101-102;  on  the 
colours  of  pigs,  ii.  195,  214. 

SiEDOLD,  on  the  sweet  potato,  lU  209. 

SiEDOLD,  Carl  yon,  on  parthenogenesb, 
ii.  353. 

Sikna,  contabescence  in,  ii.  149. 

SlLK-FOWLB,  i.  242,  ii.  42,  44. 

SiLK-MOTif,  Arrindy,  ii.  296,  303; 
Tarroo,  ii.  141. 

SiLK-MOTiis,  i.  316-321 ;  domesticated, 
s|)ecles  of,  i.  316 ;  history  of,  i.  317 ; 
causes  of  modification  in,  iW. ; 
differences  presented  by,  i.  817-321 ; 
crossing  of,  it.  76  ;  disease  in,  ii.  213 ; 
effects  of  disuse  of  parts  in,  il.  288 ; 
selection  practised  with,  ii.  181, 18  i ; 
variation  of,  ii.  222;  parthenogenesis 
in,  ii.  357. 

Silkworms,  variations  of,  1.816-318; 
yielding  white  cocoons,  less  liable  to 
disease,  ii.  330. 

Silver-grey  rabbit,  i.  112,  114, 125. 

SfMON,  on  the  raising  of  eggs  of  the 
silk-moth  in  China,  ii.  181. 

SiMONOS,  J.  B.,  period  of  maturity  in 
various  breeds  of  cittle,  i.  90;  differ- 
ences in  the  periods  of  dentition  In 
sheep,  L  100 ;  on  the  teeth  in  cattle, 
sheep,  &e.,  il.  313 ;  on  the  breedirg 
of  superior  rams,  iL  180. 

Simpson,  Sir  J.,  regenerative  power  of 
the  human  embryo,  11.  358. 

Siredon,  breeding  in  the  branchiferous 
stage,  Ii.  379. 

Siskin,  breeding  in  captivity,  il.  137. 

Sivat/tertum^  resemblance  of  the,  t<» 
NIaU  cattle,  i.  93. 

Size,  difference  of,  an  obstacle  to  craam> 
ing,  ii.  79. 
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Skin,  and  its  appendages,  homologous, 
ii.  317 ;  herediUry  aA'ections  of.  tho, 
ii.  55. 

Skirtiho,  R.  S.,  on  pigeons  settling  on 
trees  in  Egjpt,  i.  190. 

Skull,  chancters  of  the,  in  breeds  of 
dogs,  i.  35 ;  in  breeds  of  pigs,  i.  74  ; 
in  rabbits,  i.  131-12G,  135;  in  breeds 
of  pigeons,  i.  173, 173;  in  breeds  of 
fowls,  L  273-279;  in  dncks,  L  296, 
297. 

Skull  and  horns,  correlation  of  the,  il. 
327.  . 

Skylark,  ii.  137. 

Sleeman,  on  the  cheetah,  ii.  133. 

Sloe,  i.  366. 

Su ALL-POX,  ii.  372. 

Suiter  (pigeon),  i.  164. 

Smith,  Sir  A.,  on  Cafifrarian  cattle,  i. 
91 ;  on  the  use  of  numerous  plants 
as  food  in  South  Africa,  i.  325. 

Smith,  Colonel  Hamilton,  on  the  odour 
of  the  jackal,  1.  31 ;  on  the  origin  of 
the  dog,  i.  16;  wild  dogs  Ui  St. 
Domingo,  i.  28 ;  on  the  Thil>et  rons- 
tiff  and  the  alco,  i.  29 ;  derelopment 
of  the  fifth  toe  in  the  hind  feet  of 
masiiiTs,  i.  37 ;  differences  in  the 
skull  of  dogs,  i.  35 ;  history  of  the 
pointer,  i.  44;  on  the  ears  of  the 
dog,  ii.  291 ;  on  the  breeds  of  horses, 
i.  51;  origin  of  the  horse,  i.  53; 
dappling  of  horsea,  i.  58;  striped 
horses  in  Spain,  1.  61;  original  colour 
of  the  horse,  i.  63 ;  on  horses  scraping 
away  snow,  i.  56 ;  on  Asintu  hmmomu, 
il.  17 ;  feral  pigs  of  Jamaica,  i.  80, 
81. 

Smith,  Sir  J.  E.,  production  of  necta^ 
rines  and  peaches  by  the  same  tree, 
i.  861;  on  VMa  ammo,  i,  802; 
sterility  of  Vinoa  minor  in  England, 
ii.  154. 

SMrTH,  J.,  derclopment  of  the  orary  in 
JSonatca  i^MOJoaa  by  irritation  of  the 
stigma,  i.  434. 

Smitii,  N.  H.,  Influence  of  the  bull 
**  Farourite"  on  the  breed  of  Short- 
horn cattle,  ii.  40. 

Smith,  W.,  on  the  intercroesing  of 
strawberries,  i.  372. 

Snake-rat,  iL  64,  65. 

Snakes,  fomt  of  the  viscera  in,  il.  836. 

Snapdragon,  bud-rariation  in,  i.  407  ; 


nou'lnheritance  of  colour  in,  L  464 ; 
peloric,  crossed  with  the  normal 
form,  ii.  46,  71 ;  asymmetrical 
rariation  of  the,  ii.  314. 

SoiL»  adaptation  of  plums  to,  i.  368 ; 
influence  of,  on  the  sones  of  pelar- 
goniums, I.  890;  on  roses,  I.  891 ;  on 
the  rariegation  of  leares,  i.  409 ;  ad- 
vantages of  change  of,  ii.  127-180. 

Soil  and  climate,  dSects  of,  on  straw- 
berries, i.  875. 

Solamtmt  non-intercrossing  of  species  of, 
ii.  68. 

Solanum  tuberotum^  i.  350,  351,  410. 

Solid-hoofed  pigs,  i.  78. 

Solomon,  his  stud  of  horses,  i.  57. 

SOMERVILLB,  Lord,  on  the  fleece  of 
Merino  sheep,  i.  103;  on  crossing 
sheep,  ii.  99 ;  on  selection  of  sheep, 

.  ii.  179;  diminished  fertility  of  Merino 
sheep  brought  from  Spain,  ii.  145. 

SoOTT  fowls,  i.  242,  209. 

Sorffhum^  i.  896. 

Soto,  Ferdinand  de,  on  the  cultivation 
of  native  plants  in  Florida,  i.  829. 

Spain,  hawthorn  monogynous  in,  i.  387. 

Spallanzani,  on  feral  rabbits  in  Li- 
pari,  i.  118;  experiments  on  sala- 
manders, ii.  283,  357,  858 ;  -experi* 
ments  in  feeding  a  pigeon  with  meat| 
ii.  294. 

Spanielb,  in  India,  i.  39 ;  King  Charles's, 
i.  43 ;  degeneration  of,  caused  by  in- 
terbreeding, ii.  100. 

Spanish  fowls,  i.  237, 263, 268;  figured, 
i.  238;  earl  J  development  of  sexual 
chai  acters  in,  i.  263 ;  fureulnm  of, 
figured,  i.  281. 

Species,  difiiculty  of  distinguishing 
from  varieties,  i.  4;  conversion  of 
varieties  into,  i.  5;  origin  of,  by 
natural  selection,  ii.  410;  by  mutual 
sterility  of  varieties,  ii.  169-172. 

Spencer,  Lord,  on  selection  in  breeding, 
ii.  179. 

Spencer,  Herbert,  nn  the  **  surviral  of 
the  fittest,'  i.  6 ;  increase  of  fertility 
by  domeiitication,  ii.  89;  on  life,  ii. 
130,  161 ;  changes  produced  by  ex* 
temal  conditions,  ii.  270;  effects  of 
use  on  organs,  ii.  280 ;  ascent  of  the 
sap  in  trees,  ihid, ;  correlation  ex« 
empUfied  in  the  Irish  elk,  ii.  327,  328 ; 
on  *« physiological  vnita,"  IL  870 
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antagonbm  of  growth  aod  reprodao- 

tion,  ii.  379. 
Spermatophores  of  the  cephalopoda, 

ii.  879. 
Spermatozoids,  ii.  356,  357. 
Spiiinqidjb,  aterilitj  of,  in  captiritj, 

Spikola,  on .  the .  .injurious  effect  pro- 
duced hf  flowering  buclcirheat  on 
white  pigs,  ii.  8Si. 

Spitz  dog,  i.  32. 

Sfooner,  W.  0.,  cross-breed iog  of 
sheep,  i.  104,  ii.  73,  74,  99;  on  the 
effects  of  croMing,  ii.  74,  75;  on 
crossing  cattle,  ii,  96;  indiriduAl 
sterility,  ii.  146. 

.Spores,  reproduction  of  abnormal  forms 
by,  i.  408. 

SP0R13,  L  897 ;  in  pigeons,  i.  223. 

Spot  pigeon,  i.  163,  217. 

8pRBNa£L,C.  K.,on  dichogaroons  plants, 
ii.  68 ;  on  the  hoilyhoclc,  ii.  86 ;  on 
the  functions  of  flowers,  ii.  1.^9. 

Sproulb,  Mr.,  transmiuion  of  hare-lip, 
1.466. 

Spurs,  of  fowls,  i.  267 ;  dsTelopment 
of,  in  hens,  ii.  310. 

Squashes,  L  381. 

Squintiho,  hereditary,  i.  4.'>d. 

Squirrels,  generally  sterile  in  cap- 
tivity, ii.  135. 

Squirrels,  flying,  breeding  in  confine- 
ment, ii.  135. 

**  Staariialsioe  Taube,"  i.  169. . 

Stag,  one-horned,  supposed  heredity  of 
character  in,  i.  456 ;  degeneracy  of, 
in  the  Highlands,  ii.  192. 

SrAMBNS,  occurrence  of  rndtmentary, 
ii.  307 ;  conversion  of,  iato  pistils,  i. 
389;  into  petals,  ii..  886. 

Staphylea,  ii.  152. 

Stebmstbup,  Prof.,  on  the  dog  of  the 
Danish-  Middens,  i.  18;  on  the  ob- 
liquity of  flounders,  ii.  28. 

Steinak,  J.,  on  hereditary  diseases,  L 
451,  ii.  55. 

Stephens,  J.  F.,  on  the  habits  of  the 
Bombycidft,  i.  294. 

9TEBiLrrr,  in  dogs,  consequent  on  dose 
confinement,  L  33;  comparative,  of 
crosses,  IL  82,  83;  from  changed 
conditions  of  life,  ii.  130-149;  oe- 
enrrlng  in  the  descendants  of  wild 
animals  bred  in  captivity,  U.   148; 


individual,  ii.  146;  resulting  ftom 

.  propagation  by  buds,  cuttings,  bulbS| 
&c.,  ii.  153 ;  in  hybrids,  ii.  162-165, 
883,  .405,  406 ;  in  specific  hybrids  o/ 
pigeons,  i.  203;  as  connected  with 
natural  selection,  ii.  169-172. 

Sternum,  characten  of  the,  in  rabbits, 
i.  128;  in  pigeons,  L  177,  184;  in 
fowls,  i.  282,  288 ;  effects  of  disuse 
on  the,  i.  180, 184-188. 

Stewart,  H.,  on  hereditary  disease,  ii.  55. 

Stiqma,  variation  of  the,  in  cultivated 
Cuctkrbitaceie,  i.  882;  satiation  of 
the,  i.  434,  435. 

Stockholm,  fVuit-trees  of,  ii.  297. 

Stocks,  bud-variatibn  in,  i.  407  ;  effect 
of  crossing  upon  the  colour  of  the 
seed  of,  i.  429 ;  true  by  seed,  i.  463 ; 
creeses  of,  ii.  71;  vari'ities  of,  pro- 
duce J  by  selection,  ii.  204 ;  reversion 
by  the  upper  seeds  in  the  pods  of,  ii. 
340. 

Stockton,  Houair,  direct  action  of 
pollen,  i.  431. 

Siokbb,  Prof.,  calculation  of  the  chance 
of  transmission  of  abnormal  peculi- 
arities in  man,  L  449. 

Stolons,  variations  in  the  production 
of,  by  strai^berries,  L  375. 

Stomach,  structure  of  the,  affected  by 
food,  ii.  292. 

Stonb  in  the  bladder,  hereditary,  L  452, 
ii.  55. 

Stonehbnqb,  on  maturity  of  the  dog, 
i.  36 ;  inherited  effects  of  injury,  i. 
470;  cross  between  bulldog  and 
greyhound,  ii.  65;  close  interbreed- 
ing of  greyhound,  ii.  100;  fleetness 
of  race-horses,  ii.  229. 

Storbr,  J.,  pedigree  of  cattle,  ii.  96. 

Strawberries,  i.  872-376;  remarlc- 
able  varieties  of,  L  374,  375;  hant- 
bois  dicecious,  i.  375 ;  selection  in,  iL 
184;  probable .  further  modification 
of,  ii.  229 ;  variegated,  effocU  of  soil 
on,  iL  263. 

Strickland,  A.,  on  the  domestication 
of  Anter  farus^  i.  303 ;  on  the  colour 
of  the  bill  and  leg«  in  geese,  i.  304w 

Strickenast  i.  192. 

Stripes  oo  young  of  wild  swine,  i.  80 ; 
of  domestic  pigs  of  Turlcey,  Wesi^ 
phalla,  and  the  Zambesi,  t5idl;  of 
feral  swine  of .  Jamaica  and    Ne»- 
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Qranadt,  I.  81 ;  of  fruit  and  flowers, 
1.  430,  ii.  11 ;  ia  horses,  i.  58-63 ;  in 
the  ass,  i.  66,  67 ;  production  of,  bj 
crossing  spedes  of  Kquida,  ii.  16,  17. 

Strix  graUaria,  iL  202. 

StrUpoMigrina,  i\.lS7.      . 

•*  Stuupp-Taude,"  i.  163. 

Strutiikm,  D.,  ostoologj  of  the  feet  in 
solid-hoofod  pigs,  i.  78;  on  polj- 
'  dactjlism,  i.  457,  458. 

Sturm,  prepotency  of  transmission  of 
characters  in  i;heep  and  cattle,  it  41 : 
absorption  of  the  minority  in  crossod 
races,  ii.  65;  correlation  of  twisted 
horns  and  curled  wool  in  sheep,  ii. 
818. 

SUD-SPECIES,  wild,  of  Oolumba  Uvia  and 
other  pigeons,  i.  214. 

SuocessiOM,  geological,  of  organisms,  i. 

11. 

Suckers,  bnd-variation  by,  i.  400. 
SUOAR-CANE,  sterility  of.  In  rarions 

countries,  it.  1 53 ;  si)OTUng  of,  i.  410 ; 

white,  liability  of,  to  disease,  ii.  213, 

830.  . 

SuiaDE,  hereditary  tendency  to,  1. 451, 

ii.  55. 
SULIVAK,  Admiral,  on  the  horses  of  the 

Falkland  Islands,  i.  55;  wild  pigs  of 

the  Knlkland  Islands,  i.  80 ;  feral  cattle 

of  the  Falkland  Islands,  i.  89,  06; 

feral  rabbiU  of  the  Falkland  Islands, 

i.  117. 
Sultan  fowl,  i.  240,  267. 
But  indicia,  i.  68,  70-72,  ii.  89. 
8ut pUdoept  (RgvLied),  L72, 
Sum  tcrofa,  L  68,  60,  ii.  89. 
Sua  icrofa  paiwtrit,  i.  71. 
Sua  amnarienaiaf  i.  71. 
Sua  vUtatua^  i.  70. 

Swallows,  a  breed  of  pigeons,  i.  64. 
SWEKT  peas,  iL  68 ;  crosses  of,  ii.  71 ; 
.  Tarieties  of,  coming  true  by  seed,  i. 
•   463 ;  acclimatisation  ot,  in  India,  iL 

302. 
Sweet  William,  bnd-rariation  in,  L  406. 
SwiMiiOE,  B.,  on  Chinese  pigeons,  L 
*     155,  216 ;  on  striped  Chinese  horses, 

L61;  on  the  japanned  peacock,  L80C. 
SwiTZBALAKD,  luicient  dogs  of,  L  19; 

pigs  of,  in  the  Neolithic  period,  L  71 ; 

goats  of,  L  105. 
SrcAJiOBB,  pale^leaved  rariety  of  the, 

iL  324. 


Stkes,  Colonel,  on  a  pariah  dog  with 
crooked  legs,  L  17 ;  on  small  Indian 
asses,  L  65 ;  on  Oattua  aonnarystiif  i. 
245 ; .  on  the  Toioe  of  the  Indian  Kalm 
cock,  L  272 ;  fertility  of  tl|e  fowl  in 
most  climates,  iL  li4. 

Sym METBT,  hereditary  departures  from, 
1.450.       .  /.( 

Symphytum^  rariegated,  L  410.  ..    .  ^ 

SrpiiiLn,  hereditary,  iL  325.  ■ 

Syria,  asses  of,  L  65. 

Syrinja  peraioa,  cMnanaia,  and  mUtjariaf 
ii.  148. 

Tacitus,  on  the  care  taken  by  the  Celts 

in  breeding  animals,  iL  187.    . 
Tagetea.  aigwxitif,  dirarf  rariety  of,  L 
'  463.      .  • 

Tahiti,  Yarieties  of  cultivated  plants 

in,  iL24d. 
Tail,  never  curled  in  wild  animals,  iu 

291 ;  rudimentary  in  Chinese  sheep, 

U.  806. 
TAiL-FEATnERS,  numbers  of,  in  breeds 

of  pigeons,  L  167,  168;' peculiarities 

of,  in  cocks,  L  267 ;  YariabilitY  of,  in 

fowls,  i.  270 ;  curled,  in  Anaa  boashia, 

and  tame  drakes,  L  295. 
Tait,  I4AW8ON,  presence  of.  hairs  and 

teeth  ia  orarian  tumours,  iL  865. 
Talent,  hereditary,  L  451. 
Tankervillb,  Earl  of,  on  Chillingham 

cattle,  L  88,  ii.  97. 
Tanner,  Prof.,  eflecU  of  disuse  of  parts 

inoatilc,iL  289. 
Tapir,  sterility  of  the,  in  captivity,  iL 

133, 
Targioni-Tozzetti,      on      cultivated 

plants,  L  323;  on  the  vine,  L  352; 

Yarieties  of  the  peach,  L  363 ;  origin 

and  Yarieties  of  the  plum,  L  367; 

origin  of  the  cherry,  L  368 ;  origin 

of  roses,  i.  390. 
Tarsus,  variability  of  tiie,  in  fowls,  L 

272 ;  reproduction  of  the,  in  a  thrush, 

iL358. 
Tartars,  their  preference  for .  spiral* 

horned  sheep,  ii.  194. 
Tayeenier,  abundance  of  pigeons  •  ia 

Persia,  L  215. 
Tamu  baocata,  L  461.        ** 
Taylor,  Mr.,  potato-grafting,  i.  420. 
Tbedat,  Mr.,  rsYersion  in  fowls,  Ii.  12. 
I  TsETii,  number  and  position  of,  ia  dogs, 
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1. 85 ;  deficiency  of,  in  naked  Turkish 
dogs,  I.  86 ;  period  of  appeArance  of, 
in  broods  of  dogs,  ibid.;  precocity  of, 
in  highly-bred  animals,  il.  818;  cor- 
relation of,  with  hair,  ii.  819 ;  double 
row  of,  with  redundant  hair,  In  Julia 
Pastrana,  ii.  821 ;  affected  in  form 
hy  hereditary  syphilis  and  br  pulmo- 
nary tubercle,  ii.  825 ;  doTeloped  on 
the  palate,  ii.  885. 

Teoetmeieo,  Mr.,  on  a  cat  with  mon- 
strous teeth,  i.  50;  on  a  swift-like 
pigeon,  i.  165;  on  sexual  colours,  i. 
i70;  naked  young  of  some  pigeons, 
i,  179 ;  fertility  of  hybrid  pigeons,  I 
201;  on  white  pigeons,  ii.  215;  re- 
trersion  in  crossed  hreeds  of  fowls,  i. 
251-256;  chicks  of  the  white  silk- 
fowl,  i.  261;  development  of  the 
cranial  protuberance  in  Polish  fowls, 
L  262;  on  the  skull  in  the  PolUh 
fowl,  i.  268,  275;  on  the  intelligenco 
of  Polish  fowls,  i.  276 ;  correlation 
of  the  cranial  protuberance  and  crest 
in  Polinh  fowls,  i.  289;  dorelopment 
of  the  web  in  the  feet  of  Polish  fowls, 
i.  272 ;  early  derelopment  of  sereral 
peculiarities  in  Spanish  cocks,  i.  268 ; 
on  the  comb  in  Spanish  fowls,  i.  266 ; 
on  the  Spanish  fowl,  iL  296 ;  varieties 
of  game-fowls,  L  264;  pedigrees  of 

'  game-fowls,  L  447;  assumption  of 
female  plumage  by  a  game-cock,  i. 
265 ;  natural  selection  in  the  game- 
cock, ii.  210;  pugnacity  of  game-, 
hens,  i.  268 ;  length  of  the  middle 
toe  in  Cochin  fowls,  i.  272 ;  origin  of 
the  Sebright  banUm,  ii.  29 ;  differ- 
ences in  the  size  of  fowls,  i.  270; 
effect  of  crossing  in  fowls,  Pnd, ;  ii. 
74 ;  effects  of  interbreeding  in  fowls, 
ii.  105, 106 ;  incubation  by  mongrels 
of  non-sitting  races  of  fowls,  ii.  18; 
inverse  eorrelation  of  crest  and  comb 
in  fowls,  i.  288 ;  occurrence  of  iien- 
dlled  feathers  in  fowls,  ii.  14 ;  on  a 
variety  of  the  goose  from  Sebastopol, 
L  804;  on  the  fertility  of  the  pea- 
hen, ii.  91 ;  on  the  intercrossing  of 
bees,  iL  107. 

Temmiiick,  origin  of  domestic  cats,  1. 46 ; 
origin  of  domestic  pigeons,  i.  189 ;  on 
Oolumba  guindo,  i.  192;  on  Columba 

>   kuoooephalOf  ibid,}   asserted   reluo« 


tance  of  some  breeds  of  pigeons  to 
cross,  i.  2Q2;  sterility  of  hybrid 
turtle-doves,  i.  208;  variations  of 
QaUu9  ban^M,  L  247;  on  a  bnff- 
oolonred  breed  of  turkeys,  i.  809; 
number  of  eggs  laid  by  the  peahen, 
ii.  91 ;  breeding  of  guans  in  captivity, 
ii.  189 ;  behaviour  of  grouse  in  cap- 
tivity, ibkL  ;  sterility  of  the  partridge 
in  captivity,  ibid, 

TEKDRits  in  Cucurbitacen,  i.  881,  IL 
306. 

Tenneht,  Sir  J.  E.,  on  the  goose,  L 
802 ;  on  the  growth  of  the  apple  in 
Ceylon,  ii.  266 ;  on  the  Jaffna  sheep, 
a  292. 

Teredo^  fertilisation  in,  ii.  856. 

TERBiEaa,  wry-legged,  iL  232 ;  white, 
subject  to  distemper,  ii.  830. 

Teschemaciier,  on  a  husked  form  of 
maize,  L  889. 

Tessier,  on  the  period  of  gestation  ot 
the  doff,  i.  80 ;  of  the  pig,  L  77  ;  in 
cattle,  1.  90 ;  experiments  on  change 
ofsoil,  iL129. 

TctraOf  breeding  of  species  of,  in  capti- 
vity, IL  189. 

Tetrapteryx  paradiaeOf  IL  140. 

TctiorHan  cjntip  .uulatunif  pelorism  In,  iL 
837. 

Texas,  feral  cattle  in,  i.  89. 

Theoqnib,  his. notice  of  the  domestio 
fowl,  L  258. 

Thbopiirastus,  his  notice  of  the  peach» 
iL  299. 

Theaium,  IL  274. 

Tuoif  P80N,  Mr.,  on  the  peach  and  nec- 
tarine, L  863 ;  on  the  varieties  of  the 
apricot,  i.  865 ;  clnssi  Beat  ion  of  varie- 
ties of  cherries,  L  369 ;  on  the  "Sister 
ribston- pippin,'*  L  872;  on  the 
varieties  of  the  gooseberry,  L  370, 
877. 

Thompsow,  Willtax,  on  the  pigeons  of 
Islav,  L  193;  feral  pigeons  in  Scot- 
land, L  199 ;  colour  of  the  bill  and 
legs  in  geese,  L  304;  breeding  of 
Tetrao  tcotiut  in  captivity,  iL  139; 
destruction  of  black  fowls  by  the 
osprey,  ii.  215. 

Thorh,  grafting  of  early  and  late,  L 
386;  Glastonbury,  L  887. 

TiiOBini,  reconversion  of,  -nto  lranch#e| 
in  pear  trees,  iL  810 
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TuBCfH,  asserted  reproduction  of  the 

tnr&tts  10  a,  ii.  358.  i 

Tk^ia  penduta  or  fUformU^  a  rarietj  of 

r.  orieiUalis,  i.  386.  | 

TiiuiiKT,  on  the  dirision  of  the  loospores  , 

of  an  alga,  ii.  372. 
TiiWAiTBBy  G.  H.,  on  the  cats  of  Ceylon, 

i.  48 ;  on  a  twin  seed  of  /VicAski  co^ 

dnea  and  fvitjcntj  I.  426. 
TiDUBTius,  experiments  In  rearing  wild 

dncks,  I.  292. 
TlOER,  rarelr  fertile  in  captiYitj,  ii. 

133. 
Ti^idia  otmehifiorOj  bod-rariation  in,  L 

412. 
Time,  importance  of,  in  the  production 

of  races,  ii.  230. 
TiNZMANK,  self-impotence  in  the  potato, 

ii.  118. 
TI88UK8,  affinitj  of,  for  special  organic 

substances,  ii.  875. 
TiTMiCB,  destructire    to    thin-shelled 

walnuts,  i.  379 ;  attncking  nuts,  ibid.; 

attacking  peas,  ii.  216. 
ToDAOOO,    crossing    of    Tarieties     of, 

ii.  87;  cultiTation  of,  in  Sweden,  ii. 

298. 
TonoLBK,  red-coloured  cats  of,  i.  49. 
ToBS,  relative  length  of,  in  fowls,  i. 

272 ;  development  of  fifth,  in  dogs,  ii. 

309. 
TOLLET,  Mr.,  his  selection  of  cattle,  iL 

183. 
Tomato,  ii.  68. 

ToMBB,  inheritance  of  dental  malforma- 
tions, L  452. 
Tomtits.    &w  Titmice. 
Tongue,  relation  of,  to  the   beak  in 

pigeons,  i.  77. 
Tooth,  occurrence  of  a  molir,  in  place 

of  an  incisor,  ii.  385. 
^  TofurscHWEiN,"  i.  71. 
Tbail,  R.,  on  the  union  of  half-tubers 

of  different   klhds   of  potatoes,    i. 

420. 
Trees,  varieties  of,  suddenlv  pi  educed, 

i.  384 ;  weeping  or  pendulous,  L  385 ; 

fastigate  or  pyramidal,  »bid  ;  with 

variegated  or  changed  foliage,  ihid, ; 

early  or  late  in  leaf,  i.  386  ;  forest, 

non-application  of  selection    to,  iL 

223. 
■Tbemblbub"  (pigeons),  i.  153. 


Takmblkt,  on  reproduction  in  Hydrti 
ii.  352. 

^Trkvoltixi  "  silkworms,  i.  318, 319. 

Tri(^omnthe$  anguima^  i.  383. 

Tricks,  inheritance  of,  1.  450, 451. 

Trifoliwn  minm  and  reperu,  il.  147. 

rRiMORPiilO  plants,  conditions  of  repro* 
duction  in,  ii.  165-169. 

Tristram,  H.  B.,  selection  of  the  drome- 
dary, ii.  190. 

Triticum  (fiiooocton,  i.  337. 

Tritiaim  monoooocum^  L  337. 

Tritiaim  tpelta,  i.  337. 

lUtiomn  turffidmis  i.  337. 

Triticuin  mUgaref  wild  in  Asia,  i.  380. 

Triton,  breeding  in  the  brnnchiferoos 
stage,  ii.  379. 

^'Trommel-Taube,'*  I.  162. 

'^Trohfo"  pigeon,  i.  151. 

TVopcccituiif  ii.  1 1. 

Jh>paolttm  fnimu  and  mtjut^  reversion 
in  hybrids  of,  i.  425. 

Tboubetzkoy,  Prince,  experiments 
with  pear-trees  at  Moscow,  ii.  297. 

TBousbbau,  Prof.,  pathological  resem- 
blance of  twins,  ii.  239. 

Trumpeter  pigeon,  i.  162;  known  in 
1735,  i.  217. 

Tbciiarner,  H.  a.  de,  gmft-hvbrid  pro- 
duced by  inosculation  in  the  vine,  L 
419. 

Tbobudi,  on  the  naked  Peruvian  dog, 
i.  24;  extinct  varieties  of  maise 
from  Peruvian  tombs,  L  338,  it 
421. 

Tubers,  bud-variation  by,  i.  409-411. 

TucKERMAN,  Mr.,  Sterility  of  Cearea 
rigida,  ii.  154. 

Tuvteo  ducks,  i.  295. 

TULIFB,  variability  of,  i.  394;  bnd-vana- 
tion  in,  i.  411,412:  induence  of  soil 
in*«breaking,"L411. 

Tumbler  pigeon,  i.  156-161;  short- 
faced,  figured,  i.  160;  skull  figured, 
i.  172 ;  lower  jaw  figured,  L  173 ; 
scapula  and  fnrculnm  Hgured,  I.  176 ; 
earlv  known  in  India,  i.  217 ;  history 
of,  i.  219;  sub-breeds  of,  1.  230; 
young,  unable  to  break  the  egg-shell, 
ii.  211 ;  probable  further  modification 
of,  ii.  229. 

*'TOmmler'*  (pigeons),  i.  156. 

Tumours,  ovarian,  oocarrence  of  hain 
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and  iMih  in,  ii.  305 ;  polypoid,  origin 
of,  li.  377. 

TURDIT  (pigeon),  1. 156,  210. 

TaRKET,  domestie,  origin  of,  i.  308; 
croningof,  witli  North  Am^rienn  wild 
turkey,  L  SOa,  309 ;  breedf  of,  i,  308; 
erested  white  cock,  t.  309 ;  wild,  cha* 
ncten  of,  i.  309,  310 ;  degenentlba 
of,  in  India,  L  310;  iL  267;  fiiilare 
of  eggi  of,  in  Delhi,  ii.  145 ;  feral,  on 
the  Parana,  i.  199 ;  change  prodnoed 
in,  by  domesUcation,  li.  250. 

TuRKsr,  striped  young  pigi  in,  i.  80. 

*<TURKI80HB  TaUDE,"  i.  146. 
TiTRNER  (pigeon),  i.  164. 
TiniNBR,  C.,  on  the  hollyhock,  L  86. 
TaRNER,  W.,  on  cells,  ii.  866. 
Turnips,  origin  of,  i.  344;  reTersion  In, 

ii.  5 ;  run  wild,  it  7 ;  crosses  oC,  ii.  71, 

74 ;  Swedish,  preferred  by  hares,  ii. 

217  ;  acclimatisation  of,  in  India,  ii. 

302. 
Turnspit,  on  an  Egyptian  monument, 

I.  17  ;  crosses  of  the,  11.-70. 
Turtle-dove,   white    and    coloured, 

crossing  of,  ii.  70. 
Turtw  aiiriYiis,    hybrids  of,  with    7*. 

oambaymuis    and     T,    KtraienBiM,   u 

203. 
TSirfur  ritorius,  crossing  of,  with  the 

common  pigeon,  i.  202;  hybrids  of, 

with  T.  vuigaria,  tfr*dL 
JStrtur  tttrattntia,  sterile  hybrids  of, 

with  T.  vuUjanaj  I  203 ;  hybrids  of, 

with  3*.  tfuritua,  ibkU 
TSiriur  fMlgaris,  croulng  of,  with  the 

common  pigeon,  i.  203;   hybrid  of, 

with  7*.  rtioriUM,  ibkl ;  sterile  hybrids 

of,  with  T.  ntratemii  and  Eciopiste$ 

migratoriuMf  (bid. 
Tusks  of  wild  and  domesticated  pigs,  1. 

79,  HO. 
TSutkago  farfarOf  variegated,  L  410. 
TwiN-SEBO   of  Fuchtki   ooooinaa   ami 

fulffetii,  I  426. 
Tterman,  D.,  on  the  pigs  of  the  Pacific 

Islands,  L  73,  ii.  64 ;  on  the  dogs  of 

the  Pacific  Islands,  ffnd. 
Ttlor,  Mr.,  on  the  prohibition  of  con- 
sanguineous marriages,  ii.  103. 

Udders,  derelopment  of  the,  U.  290. 
Ukatf  douUe-flowered,  IL  151. 


UlmmoampcstrU  and  «/ifsa,  hybrids  oi^ 

IL  111. 
UHiFORMrrr  of  character,  maintained 

by  crossing,  iL  62-67. 
TJNm  of  the  body,  functional  independ* 

ence  of  the,  ii.  364-346. 
Unitt  or  plurality  of  origin  of  organisms^ 

L13. 
Urea,  secretion  of,  iL  875. 
Use  and  disuse  of  parts,  efiects  of,  IL  285, 

293,  345, 346, 413, 414 ;  in  rabbiu,  i. 

129-134;  in  ducks,  L  299-301. 
Utility,  considerations  of,  leading  to 

uniformity,  iL  227. 

Valentin,  experimental  production  of 
double  monsters  by,  iL  385* 

Vattota,  iL  121. 

Van  Beck,  BARDAHAy  a  hairy-faced 
woman,  L  448. 

Van  Mons,  on  wild  fruit-trees,  L  329, 
ii.  248 ;  production  of  rarleties  of  the 
Tine,  L  :i53;  correlated  yarinbility 
in  fruit-trees,  ii.  324;  production  of 
almond-like  fruit  by  iMMch-eeediings, 
L  359. 

Kontfsso,  specius  of,  not  copulating  in 
captirity,  iL  141. 

VARiAiULrrr,L  4,  ii.  366-369,388-390, 
401-416 ;  causes  of,  iL  287-255 ;  cor- 
relaUd,  iL  811-332,  346,  347,  415, 
416 ;  law  of,  equable,  ii.  344,  345 ; 
nci'essity  of,  for  selection,  ii.  174; 
of  selected  characters,  ii.  225;  of 
multiple  homologous  parts,  iL  384. 

Variation,  laws  of,  ii.  283-H48 ;  con- 
tinuity of;  ii.  227 ;  possible  limita- 
tion of,  iL  228,  413,  414 ;  indumestic 
cats,  L  47-50;  origin  of  breeds  of 
cattle  by,  L  91 ;  in  usteological  cha- 
racters of  rabbits,  L  120-136;  of 
important  organs,  L  382 ;  analogous 
or  parallel,  L  840-343 ;  in  horses,  L 
58 ;  in  the  horse  and  ass,  L  67 ;  in 
fowU,  L  255-258 ;  in  geese,  L  303 ; 
exemplified  ia  the  production  of 
fleshy  stems  In  cabbages,  kc^  I.  344 ; 
in  the  peach,  nectarine,  and  apricot, 
L  368,  865 ;  inairidual,  in  wheat,  L 
331. 

Varigciation  of  foliage,  L  409,  ii.  151. 

Varieties  and  sfiecies,  resemblance  of, 
L  4,  iL  406-408 ;  conversion  o(  Into 
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speci«f,  L  b ;  mbnonnal,  ii;  409 ; 
domestic,  grodwillj  prodaoedi  ii.  411. 

Vabbo,  on  domostie  dnclu,  i.  291';  on 
feral  fowls,  ii.  7 ;  crossing  •  of  the 
wild  and  domestic  ass,  ii.  190. 

Vasbt,  Mr.,  on  the  number  of  sacral 
Yertebra  in  ordinarjr  and  humped 
cattle,  i.  83 ;  on  Hungarian  cattle,  L 
84. 

Vauciier,  sterility  of  JEUmunctihu 
foaria  and  Aoonu  ecUamnt,  U.  154. 

Veoftables,  cnltiTated,  rerersion  in, 
ii.  7  ;  European,  culture  of,  in  India, 
ii.  152,  153. 

Veith,  Mr.,  on  breeds  of  horses,  1. 
61. 

Verbascum,  intercrossing  of  species  of,  i. 
356,  iL  71,  83-85 ;  rerersion  in  hy- 
brids of,  i.  425;  self-sterility  of,  Ii. 
118;  contabescent,  wild  plants  o^  iL 
149 ;  Tillosity  in,  iL  267. 

V^rbaacum  enuiriaeum,  iL  117. 

Verbamium  hUMaria,  ii.  83,  84. 

YerboKwnhjCwiiiM,  iL  83,  84, 117. 

Veridsctim  nugrwn,  ii.  1 17. 

Vfrbofcton  pAonuovum,  ii.  85, 118 ;  yari- 
able  duration  of,  iL  295. 

VtrboKom  thaprUf  ii.  84,  118. 

Veboknas,  origin  of,  L  888;  white, 
liabilitj  of,  to  mildew,  ii.  218,  830; 
scorching  of  darlc,  iL  214, 330 ;  effect 
of  chan^  conditions  of  life  on,  ii. 
263. 

VfiliLOT,  on  the  dark-leared  barberrj, 
L  885;  inheritance  of  peculiarities 
of  foliage  in  trees,  tW.;  produc- 
tion of  Hota  oannabifciia  by  bud-Tari- 
ation  from  B.  aia,  L  406;  bud- 
Tariation  in  Aralia  trifoliata,  L  408 ; 
rariegation  of  leaves,  ibid.  ;  colours 
of  tulips,  L  412 ;  uncertainty  of  in- 
heritance, L  461;  persistency  of 
white  flowers,  i.  463 ;  peloric  flowers 
of  i^moTMi,  iL  32;  tendency  of  striped 
flowers  to  uniformity  of  colour,  ii.  46 ; 
non-intercrossing  of  certain  allied 
plants,  ii.  68  ;sterility  of  Pritnuh:  with 
coloured  calyces,  ii.  150;  on  fertile 
proliferous  flowers,  ibid. ;  on  the  Irish 
yew,  ii.  228 ;  differences  in  the  Co- 
meilia,  iL  238 ;  effect  of  soil  on  the 
yariegated  strawberry,  ii.  263 ;  cor- 
ralaUd  variability  in  pltCits^  Ii.  324. 


Vermea,  ii.  28,  394. 

Yebtebils,  characters  of,  in  rabbits,  L 
126-128;  in  docks,  L  297,  298; 
number  and  variations  of,  in  pigeons, 
L  174,  175 ;  number  and  chafactcrs 
of,  in  fowls,  L  279-281 ;  variability 
of  numbaf  of,  in  the  pig,  1  77. 

Yertuou.    5wl'iii«cii£.  ;-" ' 

«  VEBUOAt,"  iL  266. 

Yebpooiub,  early  cultivation  in  Brasil. 
L  829. 

Yibebt'b  experiments  on  the  cultiva* 
tion  of  the  vine  from  seed,  L  352. 

Fi&Mrfiiim  opii/tw,  iL  169,  307. 

Vicia  aatioa,  leaflet  converted  into  a 
tendril  in,  iL  886. 

YiouHAB,  selection  of,  ii.  192. 

YiLLOSxrr  of  plants,  influenced  by  dry- 
ness, iL  267. 

YiLMORiir,  cultivation  of  thf  wild 
carrot,  L'844,  iL  267;  colourt  of 
tulips,  L  412;  uncertainty  of  in- 
heritance in '  balsams  and  roses,  L 
461 ;  experiments  with  dwaif  varie- 
ties of  Saponatia  ealtArioa  and  Tbgeiei 
ttgnatOj  L  463  ;  reversion  of  flowers 
by  stripes  and  blotches,  ii.  11;  on 
variability,  ii.  250. 

Final  mnior,  sterility  ia,  ii.  154. 

YiMB,  L  352-854;  parsley-leaved,  re- 
venion  of,  L  408;  graft-hvbrid  pro- 
duced by  inosculation  in  the,  .L  419 ; 
disease  of,  influenced  b^  colour  of 
grapes,  iL  213,  214;  influence  of 
climate,  frc.,  on  varieties  of  the,  iL 
267 ;  diminished  extent  of  cultiva- 
tion of  the,  iL  298 ;  acclimatisation 
of  the,  in  the  West  Indies,  ii.  304. 

VMa,  spiles  of,  i.  391. 

Viola  htieoj  different  coloured  flowers 
in,  i.  440. 

Vioia  tricolor^  reversion  in,  ii.  4,  22. 

YiROHOW,  Prof.,  on  the  growth  of 
bones,  iL  2A4,  377 ;  on  cellular  pro- 
lification,  ii.  85;  independence  of 
the  elements  of  the  body,  ii.  364 ;  on 
the  cell-theory,  iL  366  ;  presence  of 
hairs  and  teeth  in  ovarian  tumours, 
ii.  365;  of  hnin  in  the  brain,  ii. 
386  ;  -special  affinities  of  the  tmues, 
ii.  375 ;  origin  of  polypoid  excres- 
cences and  tumours,  ii.  377. 

YiROiL^  on  the  selection  of  seed  corn,  i 
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836,  ii.  187 ;  of  cattle  and  ah«€p»  U. 
186. 

ViBauriAK  Island!,  poniei  of,  I  54. 

Vision,  hereditarj  pecaltarities  of,  i. 
452, 453 ;  In  amphibioos  animali,  ii. 
208  s  Yarieties  of,  ii.  290  $  affections 
of  organs  of,  correlated  with  other 
peculiarities,  ii,  321. 

VUi8  vini/cra,  i.  852-854,  899. 

FtMrro,  sterility  of  species  of,  in  cap- 
tirity,  ii.  134. 

VaOiKLf  Yarieties  of  the  date  palm,  11. 
248. 

VOOT,  on  the  indications  of  stripes  on 
blacic  kittens,  iu  30. 

YoiOB,  dilTerences  of,  in  fowls,  1.  272 ; 
peculiarities  of,  in  duclcs,  i.  296 ;  in- 
heritance of  peculiarities  of,  i.  450. 

VOLZ,  on  the  history  of,  the  dog,  i.  17 ; 
ancient  history  of  the  fowl,  i.  258; 
domestic  duclcs  unlcnown  to  Aristotle, 
i.  292;  Indian  cattle  sent  to  ^lace- 
donia  by  Alexander,  ii.  186 ;  mention 
of  mules  in  the  Bible,  ii.  186; 
history  of  the  increase  of  breeds,  ii. 
231. 

Von  Bkrq,  on  Verhaacwn  phanUoewnf 
ii.  295. 

VooRiiBLM,  G.,  his  knowledge  of  hya- 
cinths, i.  895,  ii.  238. 

Vbouk,  Prof.,  on  polydactylism,  i. 
457;  influence  of  the  shape  of  the 

'  -mother's  pelvis  on  her  child's  head, 
ii.  336. 

Wade,  drooping  eyelids  transmitted, 

i.452. 
Waders,  behsYiour  of,  in  conflnement, 

ii.  140. 
Waokeo,    Moarrz,  oriental  dogs,  ii. 

222. 
Waiilendorg,  on  the  propagation  of 

Alpine  plants  by  buds,  runners,  bulbs, 

&c.,  ii.  154. 
**  WAtiLVEQWAND-iSOii  AFT  "  of  G&rtncr, 

ii.  164. 
Wales,  white  cattle  of,  in  the  tenth 

century,  i.  89. 
Walker,  A.,  on  intermarriage,  i.  436 ; 

on  the  inheritance  of  polydactylism, 

i.  458. 
Walker,  D.,  adYsnUge  of  change  of 

soil  to  wheat,  iu  128. 


Walker,  R.,  rcYersion  in  cattle,  iL  8. 

Wallaob,  a.  R.,  on  the  multiple  origin 
of  the  dog,  L  27 ;  on  a  striped 
JaYanese  horse,  i.  61 ;  on  the  condi- 
tions of  life  of  feral  animals,  ii.  6 ; 
artificial  alteration  of  the  plumage 
of  birds,  ii.  269  ;  on  polymorphic 
butterflies,  ii.  394 ;  on  rcYersion,  ii. 
41 1 ;  on  the  limits  of  change,  it.  412. 

Wallace,  Dr.,  on  the  sterility  of 
Sphingid*  hatched  in  autumn,  ii. 
141. 

Wallaoiiian  sheep,  sexual  peculiari- 
ties in  the  horns  of,  i.  99. 

Wallfloweb,  bud-variation  in,  i.  407. 

Waluou,  Dr.,  on  Thuja  peiuhJa  or 
fili/ormia,  1.  386. 

Wamiuts,  i.  379,  380;  thin-ehelled, 
attacked  by  tomtits,  i.  379;  ii.  216  ; 
grafting  of,  ii.  247. 

Walbii,  Ii.  D.,  on  attacks  of  insects,  L 
371;  on  galls,  ii.  272,  273;  his 
"Law  of  equable  variability,"  iL 
344,  345. 

Waltuer,  F.  L.,  on  the  history  of  the 
dog,  i.  17;  on  the  intercrossing  wf 
the  zebu  and  ordinary  cattle,  L  87. 

Warino,  Mr.,  on  individual  sterility, 
iL  146. 

Waterer,  Mr.,  spontaneous  produc- 
tion of  Cgtisus  alpino-Mmrnum,  L 
416. 

WATRRnouBB,  G.  R.,  on  the  winter- 
colouring  oi  Z^put  varhbUi8t  1.  115. 

Waterton,  C,  production  of  tailless 
foals,  L  56 ;  on  taming  wild  ducks, 
i.  292 ;  on  the  wildness  of  half-bred 
wild  ducks,  ii.  20 ;  assumption  of  male 
characters  by  a  hen,  ii.  26. 

Watson,  H.  C,  on  British  wild  fruit- 
trees,  L  329 ;  on  the  non-variation  of 
weeds,  1.  335 ;  origin  of  the  plum,  i. 
3H6;  variation  in  Pyrua  mo/tis,  L 
370 ;  on  Viola  amema  and  trioolor^  L 
392 ;  on  reversion  in  Scotch  kail,  ii. 
35  ;  fertility  of  Draha  $ylvestriM  when 
cultivated,  ii.  147;  on  generally 
distributed  British  plants,  ii.  275. 

Wattles,  rudimentary,  in  some  fowls, 
iL  306. 

Watts,  Mits,  on  Sultan   fowls,  L  240. 

Webb,  Jonas,  interbreeding  of  sheep, 
ii.  98. 
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Wedes,  eflect  of  the  ahapo  of  tho 
mo'ther*!  pelvis  on  her  child's  head, 
it  830. 

WKDDBiUiiniVy  Mr.,  correlation  of 
teeth  and  hair,  il.  S19. 

Wfiisns,  supposed  necoMitj  for  their 
modification,  coinciJentlj  with.culti* 
▼atcd  planti,  i.  S35.' 

Wecpino  rarlotioa  of  treet,  i.  885. 

Weemxo  habit  of  troee,  capricious  in- 
heritance of,  i.  461, 462. 

Weevil,  injury  done  to  stone-frnit  by, 
in  North  America,  ii.  217. 

WeijemdeooUi  on  parthonogeneshi,  li, 
856. 

Weir,  H.,  Urge  litter  of  pigs,  ii*  90. 

Weir,  Jbnvrr,  on  the  japanned  pea- 
cook,  L  306;  more  and  quagga,  i. 
435 ;  wildness  of  mule  siskin*,  ii.  20. 

Weisuanit,  l*rof.,  reversion  from  un* 

■  natural  oonditions,  ii.  25 ;  isolation, 
ii.  262;  dimorphic  butterflies,  ii. 
271 ;  causes  of  variability,  il.  '^82. 

Welbii  cattle,  descended  from  j^of  hngx 
fnms,  i.  85. 

West  Indies,  feral  pigs  of,  i.  80;  effect 
of  climate  of,  upon  sheep,  i.  102. 

Western,  Lord,  c|pange  effected  by,  in 
pigs,  i.  82,  101 ;  in  the  sheep,  ii.  182. 

WesTPiULLiA,  striped  young  pigs  in,  u 
80. 

Webtwood,  J.  0.,  on  peloric  flowers  of 
Caloeoiaria,  ii.  338. 

Wetiierell,  Mr.,  on.  inheritance  of 
mutilations,  i.  466^ 

WiiATBLT,  Archbishop,  on  grafting 
enrly  and  late  thorns,  i.  386. 

Whbat,  specific  unity  or  diversity  of, 
i.  329,  330, 334, 835 ;  Hnsora,  i.  335 ; 
presence  or  absence  of  barl>s  in,  i. 
831 ;  Qodron  on  variations  in,  ibiL  ; 
varieties  of,  i.  831,332;  effects  of 
soil  ond  climate  on,  i.  333 ;  deteriorn- 
tion  of,  L  334 ;  crossing  of  varieties  of, 

'  t6>cr.,  ii.  74,  83,  110;  in  the  Swiss 
lake-dwellings,  i.  335--337 ;  selection 
applied  to.  i.  336,  ii.  184 ;  increased 
fertility  of  hybrids  of,  ^vith  jSgilopt, 
iL  88 ;  advantage  of  change  of 
soil  to,  ii.  128;  differences  of,  in 
rarious  parts  of  India,  ii.  149 ;  con- 
tinuous variation  in,  il.  184;  red, 
hardiness  of,  ii.  215,  330;  Fen  ton, 
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ii.  218;  natural  aelection  in,  ibicL, 
varieties  of,  found  wild,  il.  248; 
effects  of  change  of  climate  on,  ii. 
297 ;  ancient  varietv  of,  Ii.  425b 

WiUTBT,  Mrs.,  on  the  markings  of 
silkworms,  i.  818 ;  on  the  silk-moth, 
i.819. 

WiiiTB,  Mr.,  reproduction  of  supernn* 
merary  digits  after  omputation,  L 
459 ;  time  occupied  in  the  blending 
of  crooMd  races,  il.  64. 

Whitb,  GiuiEST,  vegetabls  diet  of  dogs, 
ii.  293. 

WniTB  and  white-spotted  animals,  lia- 
bility of,  to  disease,  ii.  330, 331. 

Wnrrs  flowers,  most  truly  reproduced 
by  seed,  i.  463. 

WiCMURA,  Max,  on  hrbrid  willows,  iL 
25,  111,  255;  analogy  between  the 
pollen  of  old-cultivated  plants  and 
of  hybrids,  11.256. 

WiCKiNO,  Mr.,  inheritance  of  the  prl- 
mary  characters  of  Coltimba  Hnia  In 
cross-bred  pigeons,  i.  210 ;  production 
of  a  white  head  in  almond  tumblers, 
ii.  183. 

WiCKSTCD,  Mr.,  on .  cases  of  Individual 
sterility,  ii.  146. 

WiEOMANN,  spontaneous  crossing  of 
blue  and  white  pens.  1. 428 ;  crossing 
of  varieties  of  cabbage,  ii.  110;  on 
contabescence,  Ii.  149. 

WiQJiT,  Dr.,  sexual  sterility  of  plants 
propagateil  by  buds,  &c.,  ii.  153. 

WiLCKENS,  Dr.,  effect  of  previous  im- 
pregnation, 1.  436 ;  alpine  breeds,  ii. 
290 ;  drooping  ears,  Ii.  291 ;  correla- 
tion of  hair  and  horns,  ii.  318. 

Wilde,  Sir  W.  R.,  occurrence  of  Bo$ 
/roniottisand  hmgifroiu  in  Irish  cran- 
noges,  i.  85 ;  attention  paid  to  breeds 
of  animals  by  the  oncient  Irish,  ii. 
187. 

Wilder,  Dr.  B.,  on  the  brain  of  dogs, 
i.  35 ;  supernumerarr  digits,  i.  457. 

Wjldmam,  on  the  dahlia,  ii.  201,  263. 

WiLDMEBS  of  the  progeny  of  crossed 
.tame  animals,  il.  19,  20. 

Wilkes,  Capt.,  on  the  taming  of  pi- 
geons among  the  Polynesians,  ii;  144. 

W1LKIN8OM,  J.,  on  crossed  cattle,  ii.  82. 

Williams,  Mr.,  change  of  plumage  in 
a  Hamburgh  hen,  1.  270. 
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WHiUAiis,  Mr.,  intercrossing  of  straw- 
borries,  i.  874. 

Wiu«i  AMBON,  Cnpt.,£egeDeration  of  dogs 
in  India,  L  39 :  on  smali  Indian  asses, 
i.  65. 

Williamson,  Rer.  W.,  doubling  of 
AnetnoM  oomnaria  by  selection,  ii. 
184. 

Willows,  weeping, !.  385;  rerersion  of 
spiraMeaved  weeping,  i.  408;  hy- 
brids of,  ii.  255;  galls  of,  iL  272, 
273, 

WlLLUOilBT,  F.,  notice  of  spot  pigeons, 
1. 164;  on  a  fantail  rigcon,  i.  218; 
on  tumbler  pigeons,  i.  219;  on  tho 

.  turbit,  iniL ;  on  the  bnrb  nnd  carrier 
pigeons,  1.  221;  on  the  hook-billed 
duck,  i.  291. 

WiuiOT,  Mr.,  on  a  crested  white  Turkey- 
cock,  i.  309 ;  reversion  of  sheep  in 
colour,  ii.  3. 

WiLSOX^  B.  ().,  fertility  of  hybrids  of 
hum|>ed  and  ordinary  cattle  in  Tas- 
mania, i.  87. 

WfiJBOX,  Dr.,  prepotency  of  the  Blanz 
over  the  common  cat,  ii.  41. 

\ViL90N,  James,  origin  of  dogs,  1. 16. 

Wjubox,  Mr.,  on  prepotency  of  tmns- 
miision  in  sheep,  ii.  45;  on  the 
breedmg  of  bulls,  ii.  180. 

tViNQS,  proportionate  length  of,  in  dif- 
ferent breeds  of  pigeons,  i.  185, 186 ; 
of  fowl«,  efTects  of  disuse  on,  i.  284, 
285 ;  characters  and  Tariations  of,  in 
ducks,  i.  299-301 ;  diminution  of,  in 
birds  of  small  islands,  L  801,802. 

WiKQ-FEATiiERS,  number  of,  in  pigeons, 
i.  167;  variability  of,  in  fowls,  L 
271. 

Wolf,  recent  existence  of,  in  Ireland,  i. 
16 ;  borking  of  joung,  L  27  ;  hybrids 
of,  with  the  dog,  I.  33. 

WoLFfK>o,  Hack,  of  Florida,  i.  2C. 

Wolves,  North  American,  their  resem- 
biitnise  to  dogs  of  the  same  region,  i. 
21, 22 ;  burrowing  of,  i.  27. 

WoooiiURr,  Mr.,  crossing  of  the  Li- 
gurian  and  common  hivo  bees,  i. 
314.  ii.  107;  rariabUity  of  bees,  L 
814. 

WooDWAQD,  S.  P.,  on  Arctic  MoUnsca, 
ii.  244. 

Woor,  WiLLOUQiiDT,  reversion  from  a 


cross,  it  15 ;  on  Mr.  Batos'  cattle,  iL 
96. 

WooLfER,  W.  A.,  on  the  yonng  of  the 
Himalayan  rabbit,  L 114;  persiitency 
of  the  coloured  calyx  in  a  crossed 
polyanthus,  i.  389. 

Wounds,  healing  of,  ii.  284. 

Waioiit,  J.,  production  of  crippled 
calves  by  shorthorned  cattle,  ii.  97; 
on  selection  in  cattle,  ii.  178 ;  eH'ect 
of  close  inter-breeding  on  pigs,  iL 
101 ;  deterioration  of  game-cocks  by 
close  interbreeding,  11.  105. 

Wright,  Strktiiill,  on  the  develop- 
ment of  the  hydroida,  ii.  S64. 

WiTMAN,  Dr.,  on  Niata  cattle,  and  on  a 
similar  mnlformation  in  the  codlish, 
L  93;  on  Virginian  pigs,  ii.  212; 
browsing  under  water,  iL  294. 

Xknopiion,  on  the  colours  of  hunting 

dogs,  ii.  194. 
XiMKNKS,  Cardinal,  regulations  fur  thf 

selection  of  rams,  ii.  188. 

**  Vaiiu,"  the  name  of  the  pigeon  In 
Persia,  L  163. 

Yaks,  domestication  of,  L  86 ;  selection 
ofwhitetailed,  ii.  190. 

Vam,  development  of  axillary  bulbs  In 
the^  iL  153. 

Tarrell,  Mr.,  deficiency  of  teeth  In 
hairless  dogs,  L36,  ii.319;  on  ducks, 
i.  294,  iL  250;  characters  of  do- 
mestic goose,  resembling  those  of 
AnttT  (SifrorOf  L  303 ;  whiteness  of 
ganders.. t6u{.;  variations  in  g(*ld- 
Hsh,  L  312, 313 ;  assumption  uf  mule 
plumage  by  the  hen-]>hensnut,  ii.  26 ; 
eflcct  of  castration  upon  the  cock,  ii. 
26,  27 ;  breeding  of  the  skylark  in 
cnptivity,  ii.  137;  plumage  of  the 
male  lionet  in  conHnement,  ii.  HI ; 
on  tho  dingo,  ii.  251. 

Vellow  fever,  in  Mexico,  ii.  266. 

Yew,  fastigate,  ii.  228. 

Yew,  Irish,  hardy  in  New  York,  ii. 
299. 

Tew,  weeping,  i.  885 ;  proimgntion  of, 
by  seed.  L  461. 

Yolk,  variations  of,  In  the  eggs  ol 
ducks,  L  295. 

YOUATT,  Mr.,  history  of  the  dog,!.  17, 
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TAriaiioDfl  of  the  pulM  in  breeds  of 
dog«,  i.  37;  liabiiitj  to  diMiise  in 
dogss  ibitLf  ii.  213;  inheritanoe  of 
goitre  in  dogs,  i.  453 ;  on  t lie  grey- 
hoiiml,  i.  3d,  43;  on  King  Cliurles' 
f ]Nittie's,  i.  43 ;  on  the  setter,  ibid. ; 
on  brcitU  of  horses,  i.  51 ;  variation 
in  the  number  of  ribe  in  the  hone,  i. 
52;  Inhuritnnce  of  diseases  in  the 
horse,  L  454,  455;  introduction  of 
Knstem  blood  into  Enelish  horses,  ii. 
197,  108;  on  white  Welsh  cattle,  i. 
89,  ii.  193;  impruvemeat  of  British 
breeds  of  entile,  i.  96 ;  rudiments  of 
horns  in  young  hornless  cattle,  ii.  SO, 
30^;  on  crossed  cattle,  Ii.  82,  98; 
on  Biikoweirs  Inng-hnrned  cattle,  ii. 
9ii ;  selection  of  qualities  in  cattle,  ii. 
180;  degeneration  of  aittle  by  neg- 
lect, ii.  22.j;  on  the  skull  in  horn- 
less cattle,  ii.  326 ;  disease  of  white 
pnrts  of  entile,  ii.  331 ;  displacement 
of  long-horned  by  short-horned  cattle, 
ii.  421;  on  Angola  sheep,  \,  98;  on 
the  fleece  of  sheep,  i.  103 ;  correla- 
tion of  horns  and  fleece  in  sheeji,  i. 
99 :  adaptation  of  breeds  of  sheep  to 
climnte  and  imsture,  i.  100 ;  horns  of 
Wnllachinn  shoeii,  i.  00;  exotic 
sheep  in  the  Zoological  Gtirdcns,  I. 
100,  ii.  29G ;  occurrence  of  horns  In 
hornless  breeds  of  sheep,  ii.  8;  on 
the  colour  of  sheep,  ibidL  ;  on  inters 
breeding  sheopi  iL  98;  on  Merino 


rains  in  Germany,  ii.  180;  effect  of 
unconscious  selection  on  sheep,  ii. 
198 ;  reversion  of  J^icester  sheep  on 
the  Lammerronir  Hills,  ii.  209;  on 
many-homed  sheep,  ii.  318;  reduc- 
tion of  bone  in  sheep,  ii.  228 ;  per- 
sistency of  character  in  breeds  of 
animals  in  mountainous  countries, 
ii.  39 ;  on  interbreeding,  ii.  95 ;  on 
the  power  of  selection,  ii.  178,  179; 
slowness  of  production  of  breeds,  ii. 
230 ;  passages  in  the  Bible  relating 
to  the  breeding  of  nnimsils,  ii.  186. 

YOUNO,  J.,  on  the  Belgian  rabbit,  i.  1 10. 

Yuus,  Capt.,  on  a  Burmese  hairy  family, 
il.  53,  320. 

Zamdesi,  striped  young  pigs  on  the,  i. 
80. 

Zauiios,  chnracter  of  the,  ii.  21. 

Zarco,  J.  0.,  introduction  of  rabbits 
into  Porto  Santo  by,  1.  117. 

Zca  altiuitna,  i.  340 ;  nuzt/s,  i.  338. 

ZeiiU,  i.  82;  domestication  of  the,  I. 
86;  fertile  crossing  of,  with  Euro- 
pean cattle,  i.  82,  ii.  88. 

Zeisba,  hybrids  of,  with  the  ass  and 
mare,  IL  16. 

ZcphyrcaUhei  Candida,  ii.  147. 

Zmma,  cultivation  of,  ii.  240. 

ZOLLiNOER  OB  MalnyoB  penguin  dncki| 
i.  295. 

Zoospore,  divisiou  of,  in  AlgsD,  iL  £72 

•*Zop»-Taubb,"L161. 
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GEORGE  J.  ROMANES'S  WORKS,       ' 

UGlf TAI.  BTOLVTION  IN  MAN  t   Origin  of  Humon  Fooultj. 
Ono  Tol.,  8vo.    Clotb,  $3*00. 

Tbifl  work,  vrhlch  foUoirfl  **  Mental  BtoIqUod  In  AntniAls,**  by  ibe  tame  an* 
Ihor,  coDSldora  tbo  probable  mode  of  geneala  of  tbe  boman  miod  from  the  mind 
of  lower  animalf,  and  attempta  to  ahow  that  there  i«  do  dlaifnctlon  of  kind  be- 
tween man  and  brate,  bot,  on  the  contrary,  that  anch  dlatlnctlona  as  do  exist  aU 
admit  of  beinc  explained,  with  re«pect  to  their  erolation,  by  adequate  pvycho- 
logical  analysis. 

**  The  rast  amy  of  fhcts,  and  tbo  robor  ond  PolUI  method  of  ancnment  em- 
plojod  by  Mr.  Romanes^  will  proro,  wo  think,  a  great  isllt  to  knowied||;e."-« 
Baturdiiy  Beview. 

JELLT-FISn,  STAR.FISH,  AND  SEA-URCHINS.    Being 
a  Research  on  FrimitiFO  NcrToas  Systems.    12mo.    Cloth,  $1.76. 

**  Althonsfa  I  haTo  tbrongbont  kept  in  Tlew  the  requirements  of  a  general 
Tealor,  I  have  also  aongbt  to  render  the  l^oiik  of  Rorvlce  to  the  working  physl- 
olo;^st,  by  brinffln;;  together  in  one  consecntivo  accoantall  the  more  Important 
bbsorvati'ins  and  rosolia  which  liave  been  yielded  by  thia  reaearch.**»i9s<ra«l 
/nm  Pit/acs. 

**  A  profimnd  research  lotn  the  laws  of  prlmltlTO  nerrnns  systems  conducted 
by  one  of  the  ablost  Bn<illsU  investigators.  Mr.  Bomaiies  sot  np  a  tect  on  the 
beich  anti  examined  lilti  beaiitirdl  pet«  for  six  sninmors  In  snccess'.on.    8nch 

f patient  and  loving  work  hai«  borne  its  fniitM  to  a  monograph  wiiich  leaves  iinth- 
bit  to  be  said  about  Jelly^flsh,  st:ir-ibb,  and  wa-nrchliis.  lEvcrv  ono  who  has 
stndloJ  thi«  lowest  forms  or  lire  on  tlio  sea>#horo  admlrea  these  objecls.  But  few 
bavs  any  Idcn  of  the  ex«]nlslto  delicacy  of  Uiclr  sinioinro  and  their  nice  adapta^* 
tlon  to  their  plico  In  natnm.  Mr.  Bomanes  brings  oat  tbe  snhlilo  beantiesof 
the  nidlmentiiry  or^miiisffls.  and  sliows  the  re«emblaooes  thoy  bear  to  the  hitsher 
tyoas  of  creaitim.  II 1-*  explanations  are  made  more  clear  by  a  large  nnmber  of 
UiititniiounJ*^^Niw  York  Journal  of  (Mnmeret. 

•  •  •  ^ 

ANIMAL  INTELLIGENCE.     12mo.    Clotb,  $1.76. 

• .  **  A  collection  of  fkrts  which,  tho'ijrh  it  may  merely  amuse  the  nnscle ntlfie 
reader,  will  bo  a  rfal  bonn  to  the  stodont  or  comparative  prycUolo'jy.  Tor  this  la 
the  Ant  attempt  to  proflont  systo>na!lcally  the  well*ns8arcd  reaults  of  observa- 
tion on  the  moutai  life  of  animals.**— i^tfrctey  Bevkw, 

9 

MENTAL  EVOLUTION  IN  ANIMALS.    With  a  Postbumons 
Essay  on  Instinct^  by  Cbables  Darwin.     12mo.    Clotb,  $2.00. 

**  Mr.  Romnnes  lias  followed  np  his  c^refbl  enumeration  of  the  Ikcts  of  *  Ant* 
mal  IntelK^nce,*  cnnirlbiitefl  to  the  'International  Be! entitle  flerlcfi,*  with  a 
work  dialing  with  the  s*iocesi*ive  stasfs  at  which  thevsri'ms  menttil  phenomena 
appear  in  the  locale  of  llfs.  Tbe  prevent  installment  displays  the  same  evId^Lce 
of  industry  in  oolleetinff  fiicta  and  caution  In  co-ordinating  them  by  theory  aa  this 
2brffler.^>-7As  AOUnctum, 
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SIR  JOHN  .LUBBOCK'S  (Bart)  .WORKa 

TBJR  QRIGIlf  OF  CIVIUZATIOir  AND  THE.  PJIIIQ- 
TIYB  CONDITION  OF  MAN,  MENTAL  AND  SOCIAL 
CONDITION  OF  SAVAGES.  Fourth  edition,  with  numcroos  Ad. 
ditlons.    With  lUiifltmtioiu.    8Ta    Cloth,  $6.00. 

**  Thif  Intsrettlnf  woric— for  It  Is  Intenpely  lo  In  itt  aim,  teope,  tnd  the  abll- 
Itj  of  it#  antJior— trmti  of  what  the  telentlfta  denomiiiaUi  <ww<yol<iyy,  or  the 
naionl  hUtuiy  of  tlia  honuui  apacl^  ;  Um  oomptou  ■deiico  of  maa.  oodj,  and 
■oal,  Indadinjr  sex,  temperament,  raoe,  ciTlUsation,  etc"— /yvfftfMMt  Fnm, 

FREHISTORIC  TIMES,.  AS  ILLUSTRATED  BT  ANCIENT 
REMAINS  AND  THE  MANNERS  AND  CUSTOMS  OF  MODERN 
SAYAGEa    Dlostrated.    8to.    aoth,  $0.00. 

**Thli  la,  perhaps,  the  best  sommanr  of  erldonce  now  In  our  posiesslen  eon- 
oemlnir  tlie  general  eharaeter  of  prehlsko  rio  times.  The  Bnmao  Age.  The  Stone 
Age,  Tne  Tomali,  The  Lake  Inhabiiants  of  Bwitserbnd,  The  Uhell  Monnds,  The 
Oare  Man,  and  The  Antiqnily  of  Man,  are  the  titles  of  toe  most  importtut  oban- 
ters.**--^.  air.A<tam«>ifWa<^jn«IOHoafZlliraftfi« 

ANTS,  BEES,  AITD  WASPS..  A  Record  of  Obscrrations  on  tho 
Habito  of  the  Social  Hymonoptcra.  With  Colored  PUtoa.  ISmo. 
Cloth,  $2.00. 

'^'niis  Tolorae  contains  the  record  of  Tirlons  experiments  made  with  ants, 
beee,  end  wasps  daring  the  hist  ten  ycsrs,  with  a  Tlew  to  teat  their  mental  con- 
ditlon  and  powers  of  sense.  The  sntbor  has  csrrjujljr  watched  and  marked  par- 
tlcQhtr  insects,  snd  has  had  their  nests  nnder  obserratlon  for  long  pertoda— <<ne 
of  bis  ants*  nests  havlmr  been  nnder  constsnt  Inspection  ever  sfaiee  1874.  His 
ob««nrattons  are  made  principally  upon  ants,  becaoM  they  show  more  power  and 
fiezibllltr  of  mind ;  and  the  valoe  of  his  studies  Is  that  thej  belong  to  the  de- 
partment of  original  research.** 

Oil  THE  SENSES,  INSTINCTS,  AND  INTELUGENCB 
OF  ANIMAU,  WITH  SPECUL  REFERENCE  TO  INSECTa 
^  Intcmationnl  Sdentiflo  Scries."  With  orer  One  Ilondred  Illastra- 
tions.    12mo.    Cloth,  $1.^5.       ; 

The  anihor  has  here  collected  some  Af  bis  recent  obscrtatlons  on  the  sensee 
and  Intsnisenco  of  animals,  and  espcdallj  of  Insects,  and  has  attempted  to  g1?e, 
verj  briefly,  some  Idea  of  .the  organs  of  sense,  ccmmendng  In  each  case  with 
those  of  man  himself. 

THE  PLEASURES  OF  UFE*  12mo.  Cloth,  SOoentg;  paper, 
26ocnti. 

OONTBXTS.-^Tem  Dorr  of  BAvrhnss.  Tem  HArmmss  of  Dctt.  A 
0OVO  OF  Books.  Tnn  CBtnon  of  Boonr.  Tka  Blkssiho  of  Fmsims.  l^a 
YAura  OF  Tim.    Tni  Fuusunss  of  TaATSL.    Tm  PLSASunzs  of  Hohh. 

SOMMOn.     BOOOATIOK. 
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.   ALEXANDER    BAIN'S    WORKS. - 

THE  SENSES  AND  THE  INTELLECT.    8ro.    Cloth,  t5.0a 

The  object  of  this  treatlte  It  to  give  a  foil  and  qritematio  aeooont  of  two 
Iiriiiclpal  dlvWoM  of  the  adenoa  of  mind— the  aenni  and  tiio  intellect  Th^ 
▼alne  of  the  third  edition  of  the  woric  ia  greatly  enhanced  by  an  account  of  the 
p^jrehoiogy  of  Aristotle,  which  haa  been  contrilNited  by  Mr.  Groto. 

THE  EMOTIONS  AND  THE  WILL.    8Y0.    Qoth,  $0.00. 

The  present  publication  Is  a  seqnel  to  the  former  one  on  **The  Senaoaj^  tba 
InieUeet,*' and  completes  a  systematic  ezpoeitioii  of  the  hnman  mind. 

..-■■•  '••■»» 

HIND  AND  BODY.    Theories  of  their  Bektions.    12mo.    Cloth, 

$1.60. 

**  A  fordUo  statement  of  the  connection  between  mind  and  body,  studying 
their  aabtUe  interworklngs  by  the  light  of  the  most  rooent  physiologicai  faifsstl- 
gatlona.'*— CilrMiaii  il^S'if^.   '      

EDUCATION  AS  A  SCIENCE.    12mo.    Cloth,  $1.75. 

ON  TEACHING  ENGLISH.  With  DetoUed  Examples  and  an 
Inquiry  into  tho  Definition  of  Poetry.    12mo.    Cloth,  $1.25. 

PRACTICAL  ESSAYS.    12mo.    Cloth,  $1.50. 

Dr.  H.  ALLEYNE   NICHOLSON'S   WORKS. 

MANUAL  OF  ZOOLOGY,  for  the  Use  "of  Stn'dents,  ivith  a  Gen- 
oral  Introduction  to  the  Principles  of  Zo5Iogy.  Second  edition. 
Berised  and  enlarged,  with  243  Woodcuts.    12mo.    Cloth,  $2.60. 

THE    ANCIENT    LIFE-HISTORY    OF    THE    EARTH. 

A  Comprehensive  Outline  of  tho  Principles  and  Leading  Facts  of 
PalsBontological  Sdence.    12mo.    Cloth,  $2.00.  ^        : 

**  A  work  Vjr  a  master  in  tho  tdenco  who  understands  the  signiflcance  of  eroiy 
phenomenon  which  he  records,  and  knows  how  to  make  it  rereal  its  lessons.  As 
legarda  its  Tsloe  there  can  scarcely  exist  two  opinions.  As  a  text-book  of  the 
historical  phase  of  paleontology  it  will  be  Indiapeneable  to  students,  whether 
spodally  inusuing  geology  or  biology ;  and  without  it  no  man  who  aapirea  efen  to 
an  outline  knowledge  of  natural  sclenco  can  deem  hia  library  complete.**— 2!ls 
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Professop  JOSEPH  LE  CONTE'S  WORKS, 

ETOLVTION  AND  ITS  RELATION  TO  REUGIOU8 
THOUGHT.  Bj  Joscra  Li  Comts,  LL.  D.,  Professor  of  Gcologj 
and  Natural  History  In  the  UniTorsity  of  California.  With  numer- 
ous Illustrations.    12mo.    Cloth,  %\,fiO. 

"Ifncli,  TCty  mnoh  has  beon  written,  capcdnny  on  tbo  natnro  and  tbo  mrt* 
denoos  of  ovoloUon,  bat  tbo  Iltorature  Ih  so  volaminous,  much  of  it  to  fngmeiit- 
srj,  and  mott  of  It  so  tocbnical.  tbat  oveu  very  intclllgint  ponons  bavo  stni  very 
vogDO  Ideas  on  tbo  sobject.  I  bave  atCompted  to  £lve  (1)  a  vety  concleo  aeooont 
of  what  we  mean  by  evolution,  <S)  an  outline  of  the  evidences  or  Its  truth  drawn 
from  many  different  soorccs,  and  (S)  Its  rdation  to  fnndamental  religious  beliefs." 


«• 


ELEHENTS  OF  GEOLOGY.  A  Tezt-book  for  Collef^cs  and  for 
the  General  Reader.  By  Joseph  Ls  Comtk,  LL.  D.  With  upward 
of  000  Illustrations.    New  and  enlarged  edition.    8vo.   Cloth,  $4.00. 

**  Besides  preparing  a  comprebenslve  text-booir,  nllted  to  prerent  demands. 
Professor  Lo  Conte  baa  given  ns  a  volume  of  peat  valne  as  an  exposition  of  tbo 
subject,  thoroughly  up  to  date.  Tbo  examples  and  appllcationa  of  the  work  are 
almost  ontlroly  derivod  from  this  country,  so  tbat  it  may  bo  properly  considered 
an  American  gcolocy.  Wo  can  commend  this  work  witbont  quallflcatlon  to  all 
who  dcsiro  an  intelligent  acquaintance  with  jieological  edenoe,  as  fresh,  lucid, 
full,  authentic,  the  result  of  devoted  study  and  of  long  experience  in  teaching.** 
—Jitpukw  Sddnes  Ncnthiy, 

RELIGION  AND  SCIENCE.    A  Scries  of  Sunday  Lectures  on  the 
Relation  of  Natural  and  Rcveolcd  IicH^on,  or  the  Trutha  rovealcd 
'  in  Nature  and  Serlpturo.     By  Joseph  Li  Comtb,  LL.D.     12mo. 
Cloth,  $1.60. 

**We  commend  the  book  cordially  to  the  regard  of  all  who  are  Interested  in 
wbstever  pertains  to  the  diaeossion  of  these  grave  Questions,  and  especially  to 
those  who  desire  to  examine  closely  tho  strong  foundations  on  which  the  Chris- 
tian faith  Is  reared.**— Aocton  Jira7fi«. 

BIGHT  :  An  Exposition  of  tho  Prinelples  of  Monocular  and  Binocular 
•   •  Vision.    By  Josipn  Ls  Conti,  LL.  D.    With  Illustrations.    I2ma 
Cloth,  $1.C0. 

"Professor  TiO  Conto  has  long  boon  known  as  an  orlglnsl  investigator  in  this 
department :  all  that  bo  gives  us  Is  trested  with  a  master>hand.  It  Is  pleassnt  to 
find  an  American  book  that  can  rank  with  tho  very  best  of  foreign  books  on  this 
subject.**— 7%s  NoiUfn, 
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ERNST  HAECKEL'S  WORKS. 

THE  HISTORY  OF  CREATION;  OB,  TDB  DEYELOF. 
KENT  OF  THE  EABTH  .AND  ITS  INHABITANTS  BT  TH£ 
ACTION  OF  NATURAL  CAUSEa  A  Popolar  Bzpontlon  of  tli9 
Doctrine  of  BTolution  in  genenU,  and  of  that  of  Darwin,  GoethO| 
and  Lamarck  in  particolar.  From  the  German  of  Ebmst  Haiokel. 
Profcaaor  in  the  UniTerritj  of  Jena.  Tho  translation  reriacd  by 
Prof caaor  E.  Bay  Lankester,  M.  A,  F.  B.  S.,  FeUow  of  Ezetor  Col- 
lege, Oxford.  iUastrated  with  Litbographio  Plates.  In  two  Tols., 
12mo.    Cloth,  $6.00. 

THE  EVOIiUnOlf  OF  HAlf •  A  Popular  Expodtlon  of  the 
Principal  Points  of  Human  Ontogeny  and  Phylogeny.  From  the 
German  of  Ebkst  Haiokxl,  Professor  in  tho  UnlTorsity  of  Jena, 
author  of  "Tho  History  of  Creation,**  etc  With  numerous  Ulna- 
tratlons.    In  two  rols.,  12mo.    Cloth.    Price,  $6.00. 

^'In  this  ozcellcnt  translation  of  Professor  Hacckors  work,  tho  Eng* 
fish  reader  has  access  to  tho  latest  doctrines  of  the  Continental  sdiool  of 
erolutioD,  in  its  application  to  the  history  of  man.  It  is  b  Germany,  be- 
yond any  other  European  country,  that  the  impulse  given  by  Darwin 
twenty  years  ago  to  tho  theory  of  CTolution  has  influenced  tho  whole 
tenor  of  philosophical  opinion.  Thero  may  be,  and  are,  diifercnoes  In 
tho  degree  to  which  the  doctrine  may  bo  held  capable  of  extension  Into 
the  domain  of  mind  and  morals;  but  there  Is  no  denying,  in  sdcntiflo 
circles  at  least,  that  as  regards  the  physical  history  of  organic  nature 
much  has  boon  done  toward  making  good  a  continuous  scheme  of  being.** 
•— Xoiulim  Satwrdajf  Beview, 

FREEDOM  IN  SCIENCE  AND  TEACHING.  From  the 
German  of  Eunr  TLawgkwu  With  a  Prefatory  Noto  by.  T.  H. 
HuzLiT,  F.  B.  S.    12nio.    fl.OO. 
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Professor  E.  U  YOUMANS'S  WORKS. 

THE    HAND-BOOK    OF    HOI7SEHOI.D    SCIJBNCE.     A 

ropular  Acoount  of  Ilcat,  Light,  Air,  AlimeDt,  and  Cleansing,  in 
thdr  SdcTitifio  Principles  and  Domestio  Applications.  12mo.  lUos- 
tiated.    Cloth,  $1.76. 

THE    CULTURE    DEMANDED    BT    MODERN    I.IFE. 

A  Series  of  Addresses  and  Argaments  on  the  Claims  of  Sdentlfio 
Education.  Edited,  with  an  Introduction  on  Mental  Discipline  In 
Education.    1  yoI.,  12ma    Clotb,  $2.00. 

CORRELATION   AND    CONSERVATION   OF   FORCES. 

A  Scries  of  Expositions  by  Sdentlfio  Men.  Edited,  \vith  an  Intro- 
duction and  Brief  Biographical  Notices  of  the  Chief  Promoters  of 
the  New  Views,  by  Edwabo  L.  Touuans,  If.  D.  12mo.  Cloth, 
$2.00. 

CONTENia 

I.  By  Professor  W.  It.  Oroyx.    The  Correlation  of  Physical  Forces, 
n.  By  Professor  Heluholtz.    The  Interaction  of  Natural  Forces. 

III.  By  Dr.  J.  B.  Hatir.    1.  Bemarks  on  the  Forces  of  Inorganic  Nature. 

*    2.  On  Celestial  Dynamics. 

8.  On  the  Mechanical  Equivalent  of  Heat 

IV.  By  Dr.  Fahadat.    Some  Thoughts  on  the  Conservation  of  Forces. 
V.  By  Professor  Likbig.    The  Connection  and  Equivalence  of  Forces. 

YI.  By  Dr.  Carpknteb.     The  Correlation  of  the  Physical  and  Vital 
Forces. 

'*  This  work  Is  a  very  welcome  addition  to  onr  sdcntiflo  literature,  and 
Will  bo  particularly  acceptable  to  those  who  wish  to  obtain  a  popular  but 
at  the  same  time  precise  and  dear  view  of  what  Faraday  justly  calls  the 
hifrhcst  law  in  physical  scienoo,  the  principle  of  the  conservation  cf  force. 
Sufficient  attention  has  not  been  paid  to  the  pnblioation  of  collected  roono- 
graphs  or  memoirs  upon  special  sultl^ots.  i>r.  Youmans*s  work  exhibits 
the  value  of  such  ooUcotlons  in  a  vcfv  striking  manner,  and  wo  earnestly 
hope  bis  excellent  cxaroplo  may  be  followed  in  other  branches  of  science." 
Anuriean  Journal  qf  Science, 
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1.  » 

U6HT«  A  Series  of  Simple,  Entortftining,  and  Interestiog  Expoii- 
ments  in  the  Phenomeiia  of  Light,  for  StudenU  of  ererj  Age*  Bj 
Alirkd  Marshall  Uatbk,  Profeflsor  of  Physics  in  the  Stovcns  In- 
stitute of  Technology,  ota,  and  Ciluilbs  Babmabd.  lUostratcd. 
12mo,  doth.    11.00. 

"Profcflior  Mayor  has  InTonted  a  serios  of  experimenti  in  Light  which  aro 
doserlbod  bj  Mr.  Barnard.  Nothlns  is  moro  neoeesary  for  sennd  teichinff  than 
ezperlments  made  by  the  popil,  and  this  boolc,  by  considering  the  difficulty  of 
costly  appiratos,  hss  rendered  an  important  serrfce  to  tescher  and  stodent  dike. 
It  deals  with  the  sonrces  of  light,  reflection,  refraction,  and  decomposition  of 
lisbt  The  ezperimentB  are  extremely  simple,  end  well  soitod  to  yoong  people.*' 
-?jfMmiMter  BnUw.  ^  '^*^ 

"A  shignlarlT  excellent  little  hand-book  for  the  ose of  teachers,  parents,  and 
children.  The  hook  Is  admirable  both  in  design  and  execution.  The  experi- 
ments for  which  it  proTldes  are  so  simple  that  an  Intelligent  boy  or  girl  can 
esslly  make  them,  and  ao  beantlf  a1  and  Interesting  that  even  the  youngest  chiU 
dran  must  enjoy  toe  exhibition.  The  experimenti  nere  desci ibed  sre  abundantly 
worth  all  that  they  cost  In  money  and  time  in  sny  family  where  there  are  boys 
and  girls  to  be  entertained.**— ifsis  York  JPominff  FuL 

**The  experimenti  aro  for  the  moet  part  new,  and  have  the  merit  of  oombln- 
Intt  prodaloa  in  the  methods  with  extreme  stroplldty  and  elegance  of  detlgn. 
The  aim  of- the  authors  has  been  to  make  their  rcadcis  *  experimenters,  strict, 
reasonen,  and  exact  observers,*  and  for  the  attainment  of  this  end  the  book  Is 
admirably  adapted.  Its  Talne  Is  further  enhanced  by  the  numerous  carefully- 
drawn  cats,  wmch  add  greatly  to  lit  beauty.**— rAs  Americcan  Jowmal  ^ SdUnci 
and  Art, 

SOUJf D.  A  Sorlos  of  Simple,  EntcrtolniDg,  and  Inexpcnsivo  Ezpcrl- 
ments  in  tho  Phenomena  of  Sound,  for  Students  of  OTory  Ago.  By 
Alfred  Mamhall  Matsb.    Illustrated.    12mo,  doth.    $1.00. 

"It  would  bo  dincnlt  to  find  a  better  example  of  a  icrlee  which  li  excellent 
throughout  This  little  work  Is  accurate  In  detail,  popular  In  strle.  snd  ludd  in 
arrangement  Bvery  ststoment  Is  accompanied  with  ample  illustrations.  We 
can  heartily  recommend  it,  either  as  an  Introduction  to  the  subject  or  ss  a  eatls- 
factory  manual  for  those  who  hayo  no  time  for  perusing  a  larser  work.  It  con . 
tains  an  exeellent  description,  with  diagrams,  or  Faber*s  Talking  Machine  and 
of  Ediaon*a  Talking  Phonograph,  which  can  not  fall  to  be  interesting  to  sny 
reader  who  takes  sn  Interest  In  Uie  msrrelous  progren  of  natural  icMnoe.**— 
BritUh  QjuaritHif, 

**It  would  really  be  difficult  to  exagcerate  the  merit,  In  the  eenee  of  consum- 
mate adaptation  to  Its  modest  end,  of  this  little  treatise  on  *8ound.*  It  teaches 
the  youthful  student  how  to  make  experlmento  for  himself,  without  the  help  of 
a  trained  operator,  and  at  yerr  little  expense.  Theae  hand-books  of  Profeesor 
Mayor  should  be  hi  the  hands  of  every  teacher  of  the  young.**— JVino  Yotk  Bvn, 

**The  prewnt  work  Is  an  admirably  dear  and  Interesting  collection  of  expcri- 
menta,  dcacribsd  with  Just  the  right  amount  of  abstract  information  and  no  more, 
and  placed  in  progresaiTe  order.**— Awton  OourUr. 
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The  Populab  Somci  Homthlt  will  continue,  as  bcrotofore,  to  fup- 
plj  its  roftdort  with  the  results  of  the  latest  investigation  and  the  meet 
viJuable  thought  in  the  Torious  departments  of  sdentifio  bquiry, 

.  Leaving  the  dnr  and  tochnioal  details  of  science,  which  aro  of  diicf 
concern  to  specialists,  to  the  journals  devoted  to  them,  the  Uontiilt 
deals  with  those  more  general  and  practical  subjects  whidb  are  of  the 
greatest  interest  and  importanoo  to  the  public  at  laige.  In  this  worli 
it  has  achieved  a  foremost  position,  and  is  now  the  admowledgod  organ 
of  progressive  sdentifio  ideas  in  this  country. 

The  wide  range  of  its  discusidons  Includes,  among  other  topics : 

Tho  bearing  of  sdence  upon  education ; 

Questions  relating  to  the  prevention  of  disease  and  the  improvement 
of  sanitary  conditions ; 

Subjects  of  domestio  and  social  economy,  including  the  introduction 
of  better  ways  of  living,  and  impiovcd  applications  in  the  arts  of  every 
kind; 

The  phenomena  and  laws  of  the  larger  social  organizations,  with  the 
new  standard  of  ethics,  based  on  scientific  principles ; 

The  subjects  of  personal  and  household  hygiene,  medidne,  and  archi* 
tecture,  as  ezompUfied  in  the  adaptation  of  public  buildings  and  private 
houses  to  the  wants  of  those  who  use  them ; 

Agriculture  and  the  improvement  of  food-products ; 

The  study  of  man,  with  what  appears  from  time  to  time  in  the  depart 
ments  of  anthropology  and  arohsMlogy  that  may  throw  light  upon  the 
development  of  the  race  from  its  primitive  conditions. 

Whatever  of  real  advance  is  mode  In  chemistry,  geography,  astnnv 
orov,  physiology,  p8ycholojcy»  botany,  zo51ogy,  paleontology,  geolo^,  or 
rodi  other  department  as  may  have  been  the  Add  of  research,  Is  recorded 
monthly. 

Special  attention  is  also  called  to  the  biographies,  with  portraits,  of 
representative  sdentifio  men,  in  which  are  recorded  thdr  most  marked 
adilevements  in  sdence,  and  the  general  bearing  of  thdr  work  Indicated 
and  its  value  estimated. 
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